DESCRI PTI ON TI TLE OF THE | NVENTI ON WAFER SEPARATI NG APPARATUS, WAFER
SEPARATI NG TRANSFERRI NG APPARATUS, WAFER SEPARATI NG METHOD, WAFER
SEPARATI NG TRANSFERRI NG METHOD AND SCOLAR CELL WAFER SEPARATI NG TRANSFERRI NG
METHOD TECHNI CAL Field [0001] The present invention relates to a
waf er separation apparatus, a wafer separation and transfer apparatus, a
waf er separation nethod, a wafer separation and transfer nethod, and a
solar cell wafer separation andyttsansteromet hod that separate a batch of
si ngl e waf ers. BACKGROUND ART [0002]
TITLE OF THE INVENTION
WAFER SEPARATING APPARATUS, WAFER SEPARATING/TRANSFERRING
APPARATUS, WAFER SEPARATING METHOD, WAFER
SEPARATING/TRANSFERRING METHOD AND SOLAR CELL WAFER
SEPARATING/TRANSFERRING METHOD
TECHNICAL Field
[0001]
The present invention relates to a wafer separation
apparatus, a wafer separation and transfer apparatus, a wafer
separation method, a wafer separation and transfer method, and

a solar cell wafer separation and transfer method that separate

a batch of single wafers.

BACKGROUND ART
[0002]

Patent Document 1: JPG9-237770A

Patent Document 2: JP11-214336A1

Patent Document 3: JP11-233461A4

In these years, demands for solar cells are rapidly
increasing because of a growing awareness of energy problems
such as exhaustion of fossil fuel sources and environmental

problems such as global warming.



Pat ent Document 1: JP09-237770A Patent Docunent 2: JP11-214336Al1 Pat ent
Docunent

[0003]

in these demands, for silicon possibly to be the cells
for solar batteries, such high purity silicon is demanded that
the ?urity is £92.9999% or more and the resistivity is 0.5 Ocm
‘or more, and off-gpecification products have been used for raw
materials, which are produced in fabricating high purity
silicon used in semiconductor industries, or in fabricating
substrates for ICc, LS8I, etc.

[0004]

However, particularly in the solar cell, because a
. single solar cell medule is fabricated using about 54
rectangulaxr silicon wafers with a fiﬁ@—inch side, the used
amount is more enormous than the used amount of silicon wafers
for IC, LSI, or the 1ike, highpurity silicon for semiconductors
is expensive,.and the yield of cff-specification products is
small, causing a problem in that there ig a limit to the amount
of gilicon materials supplied for the sclar cell.

[0o0C5]

In addition, problems have not arisen so far because the
vield of off-specification products of electronic device
gilicon exceeds the demand of the solar cell. However, the
demand of the solar celi is exceeding the yield of
off-specification products of electronic device gilicon today,

causing a serious problem of shortage of rawmaterials for solar

call gilicon.



3: JP11-233461A In these years, demands for solar cells are

rapi dly increasing because of a grow ng awareness of energy problens such
as exhaustion of fossil fuel sources and environnmental problens such as

gl obal warm ng. [0003] In these demands, for silicon possibly to
be the cells for solar batteries, such high purity silicon is demanded t hat
the purity is 99.9999% or nore and the resistivity is 0.5 CGmor nore, and
of f-speci fication products have been used for raw materials, which are
produce? n fabricating high purity silicon used in sem conduct or

i ndustrt@%%8or in fabricating substrates for IC, LSI, etc. [0004]

However, particularly in the solar cell, because a single solar cell nodule
is fabricated Cﬁ%ltﬁbe e b E‘fnrdecg&ﬁwsa‘? 9 iSCorWEter's S QR #9854 neh
side, the .used anpunt is nore engrnmous than.the used anmount of silicon

wat of s TEr I LB TGP THE 196, i Ghe gt 7981 FI'Bofi o o CeRredndiittor's i s
expensi t Leld _of off- iflcatkon products-is_small , .causing a
problemlrF%gg% ?ﬁe%é%ngdIQ%ﬁ%égﬁg%héggh%%nfgb€E§$I?%éﬁrn%tg%ﬁéfgn

supplied, for thess0kap gelh o Q00N czw, arel BAAIL] OO, RY ORI ﬁg%r%%ve not

arisen so far because the yield of off-Sspecification products of electronic

devi ce sid 4 £0n exsegds ithe demnd pizLhe sol ar cell. However, the denmand of
the solar cell is exceeding the yield of off-specificationproductsof

el ect r onjoadevi cesi | i cont oday, causing a serious problemof shortage of raw
materials for solar cell silicon.

Thus, in the fabrication procesgs of the semiconductor
wafer, a large-sized, expensive separation and transfer
apparatus is used to carry single wafers to a machine for the
subseguent process step (surface finishing process or the like) .
However, the real situation in the fabrication process of the
sclar cell wafer was that wafers are manually separated one
by one without using an expensive, large-sized separation and
transfer apparatus, which affects product costs as well.
[0008]

Onn the other hand, in consideration of the
above-mentioned problems of shortage of rawmaterials for sclar
cell gilicon, réw material cosgts, or the like, the golar cell
wafer is also being reduced in thickness like the semiconductor
wafer, and manual one by one sgeparation in the fabrication
process of the solar cell wafer tends to cause breakage or the
like. Because of this, there is an increasing demand for

small-sized, inexpensive separation apparatuses.

[0009]



[ 0006] On the other hand, because the solar cell silicon wafer with
a rough surface can surely provide the surface area, the surfaces of

waf ers, which are single wafers after a silicon ingot is sliced with a
wire-saw, are not polished in mrror finish |like sem conductor wafers.

[ 0007] Thus, in the fabrication process of the sem conductor
wafer, a | arge-sized, expensive separation and transfer apparatus is used
to carry single wafers to a nachine for the subsequent process step
(surface finishing process or the Like the real situation in

. However,
Lhe 1 abri cati JIF by G aegoar PEE o Par “EHAT Sl a1 Was T M L o e
|1, t ed b i.thout. usir ive, -sj zed
Separ ati i A TRSRet 8r 2 HpRar S, S R & PacE AT bRt Bbererae wdl |
[ 0008] .On..t.he otheiapgnd 1.n coqgkgejgé%on %%_the aboggeangntioned probl ens
ma

of shoftﬁﬁgﬁﬁr? errars€ for sof ar-cel it Si Bcon, “faw natefial costs, or

the 11 ke.. e solaracel L water i s al 50, belog reduced i nkhi ckess Jj ke ihe

sem conduct or wa manual one by one Sseparati rication

process Qf; 4106 86! e GRldpIAE 81 ltends dPqLAUSE LRAkARS Q-1 heylikey
Because of this, there i'S an increasing demand for small-sized, inexpensive

separ ali @ appaid ¥ses.. [R02 the pre-washNeWz Acl-arge. RumRe/. OE-Waf ers,
which are sliced froman ingot formed in an al nost cylindrical shape and

attacheget @u%,pﬁm@fﬁau@ alei Ngi H0remBhrieys AW iAie P eonashedoi Redove
pre-washi ng device as the wafers are in a cylindrical pack attached to the

suppor thpl @k €eire Draer:Ho stemwe: llwty foeubtinRg adustFexer, the hhkersAfter
the pre -washed wafers are renoved fromthe support plate using a renoving
devi ceairr ergerrdted eimve ihdiwdfderssl fwafethe isuppaerdpatat eohoandi ngl e
wafers, the wafers are separated into individual wafers in a separation and
t r ansf erampfaratpyarand st hendchhenedarvielet subsequirneguesessrateps [ 0010]
step.
(0010}
At this time, ultrasonic cleaning téchniques are known
in which glurry, cutting dust, or the like attached to wafers
‘ig removed with air bubbles generated by a pre-washing device
{for example, see Patent Documents 1 to 3).
fcol1]
Althoﬁghultrasonicwashingiseffectiveforwashingthe
gside surfaces and two end surfaces of the gilicon ingot, there
ig a problem in that it is difficult to cause a washing fluid
to reach the back of the space between the sliced wafers, and
slurry, cutting dust, or the like attached to the wafer surface
cannot be completely removed, resulting in degraded washing

effect.

fooiz]



At this time, ultrasonic cleaning techniques are known in which slurry,
cutting dust, or the like attached to wafers is renoved with air bubbles
generated by a pre-washi ng device (for exanple, see Patent Docunents 1 to
3). [0011] Al t hough ultrasonic washing is effective for washing
the side surfaces and two end surfaces of the silicon ingot, there is a
problemin that it is difficult to cause a washing fluid to reach the back
of the space between the sliced wafers, and slurry, cutting dust, or the

| i ke attached to the wafer surface cannot be conpletely renoved, resulting
in degraded vvaglﬁ‘??lglﬁf-”@@t‘“’l[fﬁ)ié]? Pre washerh gl epg Féﬁﬁvﬁ%@ JURport

pre-wa wafers fromthe su {'F usi n t he renovi ng, deV| ce (single
waf er @ﬁ?%ﬁ%g ﬁe@e%‘?”élp 3&"‘3{}6 H LoEFEGT SR adhitet i ¢
acid or thellkef8 r eno the fersfro the su @ort pl.ate and they
are i il aHBBEET T shl) ot e Lo SECONTATy TSR AG RGP REmByinth Forkihi ng

Slurryfl étf@Q 9 d$V1S§atﬁgooi§gra frorI Howevgé?gng%%@%;é%g#%gk3|ngle

waf er s an secondary |ng are tn | C In a

hor'zorgraé'x@%@% dﬁ;g é@ge&t@c; blypeffg{gn%%glepi%&m\gmgwgtls a

problemin tha t tore rating opérations

because-diiei i al L8951 stange fpraseparating a stationary wafer at the
t opnost position froma wafer thHerebelow (directly therebelow) is static

frictiomaisesistance greater than dynamc frictional resistance. [0014]
Then, in the above-nentioned Patent Docunent 1, there is disclosed that two
jet nozzles thafwdienwy WHEri (WAL duane sﬂrr@\lLéi&«Ehﬂéh:é hert apescbewehrpart of

a chuter in a separation and transfer apparatus, pressure water i's Spouted
from t ha gheiingnozzd esnt briodgh tehecspacer bet weeratdie cdnderiand stacked
wafers, and this causes the topnost wafer to be slightly lifted by the
spout ettopriessirael Iatsera alteh stthee ¢ dprioistd wafsdre i svhear ched iteal t e tbacsi de of
the chuter for perfornmng snooth wafer separating operations because the
adhesi 6hehst wesea phebtepnbstthaafier lahdiifhiel wal brtdinsicidylyheeebetow i s
reduced.

separating operations because the initial resistance for

separating a stationary wafer at the topmost pogition from a

wafer therebelow (directly therebelcw) is static frictional

resistance greater than dynamic frictional resistance.

fool4]

Then, in the above-mentionsd Patent Document 1, there

is disclosged that two jet nozzles that blow water upward are

provided in the inner lower part of a chuter in a separation

and transfer apparatus, pressure water is spouted from the jet

nozzles through the space between the chuter and stacked wafers,

and this causes the topmost wafer to be slightly 1ifted by the

spouted presgssure water when the topmost wafer is carried to

the top side of the chuter for performing smooth wafer

gseparating operations because the adhesion between the topmost



SUMMVARY OF THE | NVENTI ON PROBLEMS THAT THE | NVENTION IS TO SOLVE [ 0015]
However, in the above-nentioned separation and transfer apparatus, problens
have arisen that it is likely that wafers are chi pped in bl ow ng pressure
water to the wafers, which are being reduced in thickness, and it is likely
that if a wafer in the subsequent layer is |ocated at the position on the
downstream side of the transfer direction nore than a topnost wafer is

| ocat ed, the second topnost wafer is also floated together with the topnost
waf er and carried together as they are not separated. [0016 Then
in condafetat? oA bRt Wé IedT ghitff ct Y chRfStam&Cowi1si 5e8HC6]-ect of the
present invention to provide a wafer separation apparatus that can inprove
waf er separation performance in separation and transfer and can suppress

t he occurr L a Qg ﬁr the like of wafers in separation and
transfé#?@@ﬂgfégfhghgpggf QKFQ an_inexpensive, small-sized apparatus.
VETHOD R ol NOITEEEOREM A O T o sorym A Wafer separation .
apparatus according to thé present” inventi oni's characterized by including:
a cassq&hﬁjﬂonfigured to vertically accommbdate therein a | arge nunber of

single wafers in intimate contact with each other, the cassette being at

| east verticaldy,Openedn 2nheassetl ems HRAYHe £ Qohi-gured, %ﬂ%?@?&?l@f%_rs;pport

the cassette, the cassette support being at |east vertically opene

hoi sti Bgdatdt16ONTh 46 BEmé On A0k 4 r 88| OWBE theigagspbt & SUBROLL rlptegral |y
with the cassette; a liquid bath configured to accomodate a liquid

t her ei asiedent: Bp@ainch1bhe neagsebbersuppeldr it LHRERSed it egrald ¥rwith the
cassette when the hoisting unit descends; a nozzle provided in the inside
of thebkiigu ddwatded ofnitslsléRgestcr anubil dss firiome an tinder skde ehrkhe
cassette support toward a |arge nunber of the wafers; and a mcro bubble
gener attar thenfduguwregueot geéageat 6 smlcros badbkes the hevd stsied drnomhishe
nozzl e. [0018] In accordance with the wafer separation apparatus
accor didpynsd rean priekemf itingentieosfdy disrposseblmore thpnosetovmhest
separation performance, and it is possible to suppress the occurrence of
br eakagaier tise Jedated, waher seo@mid e epreoappapdeds lis akhsd nbkpehsive,
smal | -si zed appar at us.

together with the topmost wafer and carried together as they

are not separated. .

[0016]

Then, in consideration of the forgoing circumstances,

it is an object of the present invention to provide a wafer

separation apparatus that can improve wafer separation

performance in separation and transfer and can suppress the

occurrence of breakage or the like of wafers in separation and

transfer, while the apparatus is an inexpensive, small-zized

apparatus.

METHOD FOR SLVING THE PROBLEMS

[0017]



[ 0019] A wafer separation and transfer apparatus according to the
present invention is characterized by including: a cassette configured to
vertically accomopdate therein a | arge nunber of single wafers in
intimate contact with each other, the cassette being at |east vertically
opened; a cassette support configured to renovably support the cassette,
the cassette support being at |east vertically opened; a hoisting unit
configured to hoist and | ower the cassette support integrally with the
cassette; a rotating unit provided on the hoisting unit for rotating the
cassette suppdr tW"adiftegteRd et Ph %HBaééﬁﬂﬁt%?%%rg§nﬂot§wF@§hPFﬁ§ ers
accompdated jn the cassette between. a state in which the wafers are
verti cadM%ERHr 3R et CRAd 24 FEEARE T RYWhIEH Y HE IaPet & SERE Rof PROAERFEY
arranged; a quuiglbath confi ure to acconnﬁQate a Iiguid theneiQ§ide into
whi ch the ‘et tet ¥ upporP e er S8t~ it 8gratiSf Wi tR°the CaSdEHE when

the hoisting unit descends: anezzle provided in the fnside of the L quid
bath f ssuing - mcro bu es froman underside the Cassett € Support

t owar d lar, r IS; .Gk, n figured to
gener ataz“‘ rjﬁ%g%% bu e%%?@%@égédaf ?3%%%25%%%?91;?%#%%8?%% lrl_fgjn‘oer
confi gur Eﬁ%%l QDS fr t 20 agra waf er s
hoisteg%ﬁéﬁﬁﬁﬁg I i%ﬁﬁof t%%%%gﬁﬁ%'bggifaﬁﬁgggkéagé?gkxgh?%"ggﬁgfgured
to carfyzthe fopmsd1 Waf 85 Mok 0agdeds by ctihg wpl0adidigr teabes. 500204

In accordance with the wafer separation and transfer apparatus according to
the presentdwrenticoraddetite pagspble tatboRE0Ve, Walef SeparassoPre ;
performance in separation and transfer, and it is possible to suppress the
occur r gntegafi dbeakage i diheed itke of coahets ten ssafanatd arhansi b s aasf er,
whil e the apparatus is an inexpensive, snall-sized apparatus. [0021]

Mor eovérrot hdniwaf erthsepasatton andporansferiappasatius racgpradi g votkl aim 3
is characterized in that the carrier unit includes: a defect determning
devi cethrovagedt hearhan tpshréeamigicdencft daeeramsiser apathzierpdetedadni ng a
defect on a wafer being carried; a diverging device provided on a

downst i parrsiides ie tdfe theahsgiei dphe hhinbepe Thaninmendetredruldei eBrindng

devi ce for dive(%jng a wafer determ ned that the wafer has a defect to a

di scar@nréuterdiffePEntDfr 6AFASEALr PP FCUt'CVARd B OTIeAtVHec et ce
configured to collect a wafer deternm ned that the wafer has no defect by
the debRetWafe?ef mafthg Besredujppegenerator eoniigyrgdnece I ite waf er
separatjon anpd_transfer %Eparatu§ %ccorggn to chain13, if a separated

waf er %h%rﬁngu &G £° 1% 1 55PYsEi hFET kﬁgé%?z% Enove) the wafer in the

carryip@ofé?cess. [ 0023]

In accordance with the wafer separation apparatus
according to the present invention, it is possible to improve
wafer sepération performance, and it is possible to suppress
the occurrence of breakage or the like of wafers, while the
apparatus is an inexpensive, small-sized apparatus.

[0019]

A wafer separation and transfer apparatus according to

the present invention is characterized by including: a cassette

configured to vertically accommodate therein a large number



Furthernore, the wafer separation apparatus or the wafer separation and
transfer apparatus according to claim4 is characterized by including a
noving unit configured to nove the nozzle or the cassette support along a
direction of arranging the wafers. [0024] In accordance with the
waf er separation apparatus or the wafer separation and transfer apparatus
according to claim4, it is possible to uniformy issue mcro bubbles

toward each space between the wafers. [0025] I n addition

t he wafer

[ , he .waf. ' f
ccor dPiig YOLEIa 8T8 ERalALLOA Foc By Tnct ddi iy 2 Cover Eont Lol ed to
fi i.d ¥ I t t t
Casect BSREtT Do e Mrer S50 CERe THa U BT ERS T Gt AU BaEre (T B02E)

por t7717s™q nrer se € 1 nsi iquid

In accefo&i,gq f’&éhtéhﬁeéﬁ@fr%é?e%%r d _@ﬂearc%tstgse@ae,th&wsgsm@ation
ste rdrng

claimb, it 1s possib

and tran appar at us acco

eto facilitate

causi ”?g?ﬁﬂﬁ hubhl es, t 01 epLer veagh space bebween the.medersy (0927]

The wa
appar atHs rackfi 1Y 1o iGabmb1byeehanacteld zad é tihedr ¢ hennd
generator causes the nozzle to issue negatively charged mcro

separati on apparatus or the wafer separation and ttansfer

%fglmybble
ubbl es.

[0028] with the |dkaecordanservtthihhe wel erpsepddatd on appanas Ustongt he

it

is

waf er separation and transfer apparatus according to claimé,

possi bliaito feause ta ciog btibbl easketerd exupherspacedptalgen with the

cassette g0 ag Lo switch the wafers accommodated in the cassette

between a state in which the wafers are vertically arranged

.and a state in which the wafers are horizontally arranged; a

liquidbathconfigurajtoaccommodateealiquidthereihsideinto
which the cassette support is immersed integrally with the
cassette when the hoisting unit descends; a nozzle provided
in the inside of the liquid bath for issuing micro bubbles from
an underside of the casgsette support toward a large number of
the wafers; a micro bubble generator configured to generate
micro bubbles to be issued from the nozzle; an unlcading member
configured to unlcad a topmest wafer from the horizontally
arranged wafers hoisted from the inside of the liguid bath;
and a carrier unit configured to carry the topmost wafer
unloaded by the unloading member.

[0g20]

In accordance with the wafer separation and transfer
spparatus according to the present invention, it is possible

to improve wafer separation performance in separation and



the wafers so that the mcro bubbles are brought into the space, if the
space between the wafers after sliced with a wire-saw is positively
charged. [0029] The wafer separation apparatus or the wafer
separation and transfer apparatus according to claim?7 is characterized in
that the mcro bubbl e generator causes the nozzle to issue a mcro bubble
having a dianeter equal to a wwdth of a groove or |ess, the groove being
cut with a wire-saw used in slicing a silicon ingot into single wafers.

[ 0030] n accordance wth the wafer sqﬁgration apparatus or the

I
waf er SERPEETOn AR transt &°SHParat b8 SEEF R TY toScPEFMESASRHITal Iy,
th 1 dt h of f d bet t f i t i di t
D Tt B O L TR P S D e Y e g s

to enter.the space between t.he wafer y i.ssui-ng i cro_bubbl es having an
RPRhATR et ciat R at g SR e ST i) The
waf er s tion apparatus or the wafer separation and transfer apparatus

according'to claim8 is characterized in that the m cro bubbl e generator

causes the nozzl.ed.pi SSuge a,atcr0sbubble haying: a digueLer.ggual, g a wire

di ameter of a wre-saw or |less, the wire-saw being used In sficing a

siliconddgeti ddt@ siRghe 3WakeFBarab@@32]zea in thadtdecerdanes whith the
waf er separation apparatus or the wafer separation and transfer apparatus

accor dijp@ heicd AabMSfe tyRicEd Fyint he Gsoove et D3el aefF eeveptoraag
between the wafers is the wire dianeter of the wire-saw or nore. Thus, it
i s madeipessifblee d:0amDf err phitablfypcalsesmcndnbubbldsrdo: edhes WwhEegpace
bet ween the wafers by issuing mcro bubbles having the air bubble dianeter
equal beirkecarreedi;ametierengihgssvbasad-onifihd an eeddiwvapttrernn E0A383]

The wafer separation apparatus or the wafer separation and transfer

appar atds taec brdinsd ctw reltdl m@re stiohar abtefeZed t Matratm thbngi ¢evibabbl e

generator causes the nozzle to issue a mcro bubble having a diameter of
100 i nfer Pégerging a wafer determined that the wafer has a defect

to a digscard route different from a carrying route; and a
collecting device configured to collect a wafer determined that
the wafer has no defect by the defect determining device.
[0022]

In accordance with the wafer separation and transfer
apparatus according to claim 3, 1f a separated wafer has any
defecta, it i1s possible to elject (remove} the wafer in the
carrying process.

[0023]

Furthermore,1ﬂmawaferseparationapparatuscn;thewafer
separation and transfer apparatus according to claim 4 isg
characterized by including a moving unit configured to move
the nozzle oxr the cassetie support along a direction of

arranging the wafers.



[ 0034] In accordance with the wafer separation apparatus or the
waf er separation and transfer apparatus according to claim9, the wre
dianeter of a wire used for the wire-saw ranges from 100 to 150 pm Thus,

it is made possible to reliably cause mcro bubbles to enter the space

bet ween the wafers w thout providing special design changes or the |ike by
generating m cro bubbles having the air bubble dianeter, based on the

m ni rum di aneter of the wire. [0035] The wafer separation apparatus or the
waf er sigara ion and transfer apparatus according to claim110 is

charact ePPZ&d in that the nmicro bubble generator causes the nozzle to issue

a mcro bubble_haviqﬁgg di amet er ?%ﬁzo m or | ess on average. [0036]
| n accordance W< %@‘F%N%@b& VB SappaPaLas 61 BRE ARSI EtS S&paliati on

dt i laim1 it ible to |
ond 1 FUELEE, FERRLALUB, B0 FLUOLL CLOLAR, L L L5 pasel le Lo, nef eace
i i .t h f 1.C. | _ ent { het th
et eask oo, Lhe quehe, o, Ter 0, BED! es et el ere L space, Syt e

occurs in the air.bybbhe diagaeter of actual mcro bubbles to some extent,
it is possible that the mean value is determned to be the criterion of the

di ametefg@ispir bubbles to be generated for defining the air bubble
di aneter. [0037] The wafer separation and transfer apparatus

according to ciizmdkk ich Chaagheerzedphpathal LhBacassal be veL tigald y
accommobdates therein a | arge nunber of the single wafers in intinmate

cont actsapdteeash ahbierrsadiat DorynAENg GidRGid DG Of ot he 2wy e- saw used in
slicing a silicon ingot into single wafers is the sane as waf er unl oadi ng

and transfercdérectidoby ahcttheliund cadtogerenbert iand-ddet cacbi-er @ikt

[ 0038] In accordance with the wafer separation and transfer

appar atusiesc corcdempy tbechaidmril,dg hef dihectieewaafteutsphorneds the
cagsette support is immersed in the inside of the liguid bath.
foozel

Inaccordancewiththem@&erseparationapparatusorthe
wafer separation and transfer apparatus according to claim 5,
it is possible to facilitate causing micro bubbles to enter
each space between the wafers.

[0027]

The wafer separation apparatus or the wafer separation
and transfer apparatus according to c¢laim 6 is characterized
in that the micro bubble generator causes the nozzle to issue
negatively charged micro bubbles.

[0028]
In accordance with the wafer separation apparatus or the

wafer separation and transfer apparatus according to c¢laim 6,

it is possible to cause micro bubbles to enter the space between

10



along the wire running direction in slicing the ingot using the wre-saw
and the wafer transfer direction are nade the sanme. Thus, it is possible to
suppress the occurrence of scratches crossing the wire carrying direction
in carrying the wafers. [0029] The wafer separation and transfer
apparatus according to claim 12 is characterized in that the rotating unit
supports the cassette support so that a top edge of the wafers cones close
to a vertical inner wall surface of the liquid bath in the state in which
the wafers are vertically arranged and_acconmdated in the cassette when
the cadd¥t '8 f&dFpoPttiat é@@c*ﬁléam{%ﬁbies are broyghf et ddiGeSRAER 1t he
waf er separation anqggransfer apparatus accordihg to claijm112, it is

possi biid (015l THRGMEE THE-BVERE PRAETM Brd Bubht Seanterfng Fhecspade

bet ween the wafers. cause_the individual wafers to nove unexpectedly when
the casSei® Suppoty ?gaggggred to horizontally arrange the wafers. [0041]
A wafe%o% ration nethod according to the present invention is
characteriZzed by including: an accommobdating step of vertically

accommodat i ng 3 Jd gLge nuaber of; i {%g%%bf’@‘éﬁé Sob e Be Q@éé&%?&% L Pl Lyt e

contact with each other, the casse el ng at |east vertic y opened; a

mount i 0g AR4-SURRGY NG - Step 2f-FPYALEGNY -aRd SUPPOTid N, 4.he-cassethe on a
cassette support at I['éast vertically opened; a |owering step of |owering

the cagsethatSUBRORYE cir-bt Babahly gk Adthe- cassette-ysi Rg-a1R0i st aguanit and
imersing the wafers vertically arranged in a liquid in an inside of the

| i qui dabat hircapdrale eseribubbl aiiassitiary shepl of oi $SHiAghMHErD prbbles
generated in a mcro bubble generator from an underside of the cassette
suppor brt dvaesd the wabtews weritigcahlty warrmarged rand Dausseg ihes M elog bubbl es
to enter and stay in a |large nunber of the individual wafers. [0042]

| n accar dadcdeon timgdte inafer ssepaeatiadrermet hod according to the present
invention, it is possible to inprove wafer separation performance, and it
is pos$PBBé€lto suppress the occurrence of breakage or the |like of wafers,

while the apparatus is an inexpensive, small-sized appar atus. [0043]
In accordance with the wafer separation apparatus or the

wafer separation and transfer apparatus according to claim 7,
typically, the groove width of a groove formed between the
wafers is the wire diameter of the wire-zaw or more. Thus, it
ig made possible to cause micro bubbles to enter the space
betweenth@wafersbyissuingmicrobubbleshavinganairtmbble
diameter equal to this grocove width or less.

[0031]

The wafer geparation apparatus or the wafer separation
and transfer apparatus according to claim 8 is characterized
in that the microc bubkble generator causeé the nozzle tc lssus
2 micro bubble having a.diameter equal to a wire diameter of
a wire-sgsawor less, the wire-saw being used in glicinga silicon

ingot into single wafers.

11



A wafer separation and transfer nethod according to the present invention
is characterized by including: an accommodating step of vertically
accomodating a | arge nunber of single wafers in a cassette in intimte
contact with each other, the cassette being at |east vertically opened ;
anounting and supporting step of nounting and supporting the cassette on a
cassette support at |east vertically opened; a |lowering step of |owering
the cassette support integrally with the cassette using a hoisting unit
and inmmersing the wafers vertically arranged in a liquid in an inside of

t he quUP@3%gth; a micro bubble issuing step of issuing mcro bubbles
generated in a mcro bubble generator froman underside of the cassette
support t owar - F& SWATEE & @G PRy AF AR ARG *CALRPRTERE SNPErE Dubbl es
to enter gnd stﬁg i n, each ipace bgtmeen a |l arge nunber, of the mafe&;; a

rot at i M-Sty GIET DL BT g ¢ het TassEtt 8PEep) ST ATY W IHR Tassette
to horizontali%ynggnge a Iarq&hytnbeg of the wafers u iggﬁ%lwnegﬁgg unit,

while tHePTie e ENter "And-Stay inéach SpaceTbet ween A 't arge nunber

f th v I Sk i St .t | nt. |1
wth chEraetad SRR R O B S R T e e

hoi sting. yalde 3addibfild BG AckaPEOSt AP0y G al-d easly el iliid dvel of

the i qui an unl oadi ng step of unloading the topnost wafer lifted

above the lduid Jevedsnapdeaygaehyi BY SteR: Ofg G E¥bNBubRe unhaaded waf er .
[ 0044] In accordance with the wafer separation and transfer nethod

accor dighk t:0; # heuppresent amevet iQfual t tbstpessiibie dmhapeovervakess,
separation performance in separation and transfer, and it is possible to
suppr ess ddhe @ccuns encecofiibieakage or the like of wafers in separation and

transfer, while the apparatus is an inexpensive, snmall-sized apparatus.
[ 0046] [Aomafler separation and transfer nmethod according to the present
invention is characterized by including: an accommobdating step of
vertical ly ac@mmedttmngepdmrigeonuderratusi ngl ehaafefsri peparassdette in
intimate contact with each other after renoval of the wafers, the cassette
bei ng amd éasinafa iappayaopenedsoydiminting lendn supporalidgestepiord
mounting and suggorping the cassette on a cassette support at |east
verti call $hopehb@; maCpre DdSHich g ShieR 0P Y | DRBERAgtRRenea336t £o 1ssue

a micro bubble having a diameter of 100 um or less.

[0034]

In accordance with the wafer separation apparatus or the

wafer separation and transfer apparatus according te claim 9,

the wire diameter of a wire used for the wire-saw ranges from

100 £0 150 ym. Thus, it is made possible to reliably cause micro

bubbles to enter the space between the wafers without providing

special design changes or the like by generating micro bubbles

having the air bubble diameter, based on the minimum diameter

of the wire.

[0035]

The wafer separation apparatus or the wafer separation

iz2



support integrally with the cassette using a hoisting unit and pre-washing
the wafers vertically arranged; an unloading and carrying step of unl oadi ng
and carrying the cassette after pre-washed; a | owering step of inmmersing
the carried cassette in aliquid in an inside of a liquid bath; amcro
bubbl e i ssuing step of issuing mcro bubbles generated in a mcro bubble
generator from an undersi de of the cassette support toward the wafers
vertically arranged and causing the mcro bubbles to enter and stay in each
space between a | arge nunber of the wafers; a rotating step of rotating the
casset a1 oI fe ntapRpar A YUfi aPCPhELEGs §6t £d aie Rdr LZoRbakhy tartiawge a

| arge nunber of the wafers using a rotating unit, while the mcro bubbles
enter ant By G SEH S Rdd e taReehr AT Par g8 UiHth & Sof Ooffe hvdfe i s Ue

hoi sting step of _hoisting the cassette support integrally with the cassette
as t he awdfér §¥%Pq&ﬁi§ﬁ#h%@l@' ?%ﬁﬁﬁa‘ﬁgiﬁg tReChot §EFNGRURVETAYE 1 i fti ng
a topnq;t fer above at least a liquid level of the |iquid bath; an
unloadiﬁﬁx% ep of unl oading the topnost wafer |ifted above the liquid

level ; and a carrying sten of arsying-1he uol oaded wafor, [0046]

In accor dance "W th “thé Waf ef Separation and t1anster et hod accor&lng to
the pr £ J it 4 i - L fars. al so
separ at%%&%r%ﬂd Sc&%r@ya{t?lhen salrnldcg§g%§?§%ls%pg)%ﬁtﬁllg\?%%%é%ggs%l%lcgatlongggr‘rpI etely
automatie the PeEBbLancer 95e5% 2HLNS L1 9By PR washing 10 sgparatdgn and
transfer. [0047] A'sol ar cell wafer separation and transfer method
accor di; g 1tefnd e BE SN ribnVemico8ebs el 6 U8F L zed R\ Nk udi Agrbarsl i cing
step of Slicing a silicon ingot integrally with a support” plate into a

| arge pgnbarcof mabelss ahhenevicRg silep obatemeingdhe isd i wedeskl Eeon
ingot fromthe support plate for single wafers; an accommobdating step of
verti cal by raecommngat | nga daige swpbpecafisthe diaigie owmfanrslinsareassette
inintimate contact with each other after renoval of the wafers, the

casset pecheisnd matt Heeasitr verib oald yaroperedpfa sl ngl cand Iswippbdeti ng step
of nounting and supporting the cassette on a cassette support at | east

verti cabhy eptred; &t cwepiragistieptofal dwe inpn her loas siet tde tsapponed
integrally with the cassette using a hoisting unit and i mersing the wafers
verti chpbl peati@ngaot f e &0 qbi 8hen dariaseE Weosf athe Hulduisk ba®hPea micro
bubbl e i ssuing step of issuing mcro bubbles generated in a mcro bubble
gener af8reredmcat Unhde? 51 densf thRe 2ddssetblel sugpsretettonard the wafers
vertically arranged and causing the mcro bubbles to enter and stay in each
space B%Pé@én a large nunber of the wafers; a rotating step of rotating the

cassette support integrally w.th the ssette to horizontally arrange a
Carge numbor SRSt HBCGar BPEREE TP KT ot Wh° BRFL SRR Pe Y@ T B 6 bbby e

d i h b - b h f.
cnier gcsLey L8, eachapane Sesen 8 Lgige unher el e e
th hQr.| t al i t. hoi st.i j t d lifti
o5, eyl s e, Jos 200l L, e et e D DOLBL A0 A P 1110

a topnd er "above a east a riqui an

unl oadj ng: step af ualga fﬁ% the QP&EE&% ¥\§f€ aéi Ltfgnﬁ%}’fdfi*}%ééi | d
level ; a carrying step of carrying the unloaded wafer; and a transter step
of transfensipng,bheGarided wafer:tong solarn cebll {absicabien -apparat us.

[ 0048] I'n accordance with thé solar cell wafer separation and
transf.ars et hod @ccarLhaa 4 g dihe- presentihaVenki OhankkekSapessithied o

i nprove wafer separation performance in separation and transfer of solar
cel | waf efise andobbiing pRegId eahe sSuppress ide @ecurrence of breakage or
the like of wafers in separation and transfer, while the apparatus is an

i nexpersiase], smal | -sized apparatus. In addition, it is also possible that
after the carried wafer is collected automatically collected in a wafer

col l ecti on bax iacthedeaceywiglstEp andfthe swaker tdald extd onrbox faftt er

collected is automatically carried to the subsequent step using a
nmul ti apgeotamemaccording to claim 11, the direction of cuts formed

13



[ 0049] The sol ar cell wafer separation and transfer method
according to claim18 is characterized in that in the transfer step, the
wafer is transferred to a chem cal etching apparatus for texture treatnent
to fabricate a p-type wafer or n-type wafer. [0050] The waf er
separation nmethod, the wafer separation and transfer nmethod, or the solar
cell wafer separation and transfer nethod according to claim19 is
characterized in that in the mcro bubble issuing step, the nozzle or the
cassette support is noved along .a direction of. arranging the wafers. [0051]
The waffer°eparat VohemdthHod 2% R%ﬁ%%ogeﬁgréﬁ%ﬁ%%ﬁmF?gaﬁggpgrUﬁ@ﬁﬁbd, or

the sol |1 waf ti d_transt t.hod ing to_claim20
o char A b et Ih-PHAl bAPGAE CTAPEA ChE McrD: BBt 8o oSt Ag e ep

five sides except_the rside of the cassette support is covered with a
cover ggmt‘cﬁe 1§:aslsset Oesésj{t]%g%r?giség?%%%g’e %len Ce‘“}‘}iﬂjl'rgfg}i1 ) ?ﬁgalticqﬁisd bat h.

EFPECT G oI d NENU O, [0052) TheqoLer. separatd on obnar ehus, 66ordi ng to
the present” " invention can inprove wafer separation performance in
separ atjiQni And transfer and can suppress the occurrence of breakage or the

| i ke of wafers in separation and transfer, while the apparatus is an

i nexpensi ve, siRl haSzedanpaatss. aBR EFaRESER BN Oh. IHE-DRAVE NGS
to claim 12 is characterized in that the rotating unit supports
the cassette sup@ort so that a top edge of the wafers comes
close to a vertical inner wall surface of the liguid bath in
the state in which the wafers are vertically arranged and

"accommodated in the cassette when the cassette support is

erected.

[0040]

In accordance with the wafer separation and transier
apparatus according to claim 12, it is possible to eliminate
the event that micro bubbles entering the space between the
wafers cause the individual wafers to move unexpectedly when

the cassette support is erected to horizontally arrange the

wafers.

[0041]

A wafer separation method according to the present
inventionjjscharacferizedknrincluding:aﬂzaccommodating'step
of vertically accommodating a large number of single wafers
in a cassette in intimate contact with sach other, the cassette

being at least vertically opened; a mounting and supporting

14



[ 0053] Fig. 1 is a cross sectional view depicting a wafer
separation and transfer apparatus in the front side direction, including a
waf er separation apparatus according to an enbodi nent of the present
invention in which wafers are set; Fig. 2 is a cross sectional view
‘depicting the wafer separation and transfer apparatus in the front side
direction, including the wafer separati on apparatus according to an

enbodi ment of the present invention in which air bubbles are issued (wafer
separation state); ) Fig. 3 shows the wafer separation apparatus
accor di TigE® 0°AnTeHPGd e MR DS HRRC BE é88ntt HhVveRE FBRES( AN iBs % Tt it ged
cross sectional vhem/degicting Ehe essenti al gart,shomﬁng the rel ationship
bet weer® WP 8F & nd 55" BEBLILEE ! LAnGPEBF G /s 2ahCVREGSEr 8E PBP W@ M an ai r
bubbl e; ig. 4.1s craoss sectional_.view depicting the wafer

separ ati'5h %%ﬁs?E‘é%sfgélppéjﬁ%arla%qcuesg?%fﬁﬁewﬁt&é "?e‘égFﬁﬁFt?‘n@Isdd?%gat he

waf er %gog&f %f&ﬁ%ﬁ%ﬁg L!i.%nn?é:xcé){rgé NG, L Onré‘Pe %%b%%%_»gﬁ%taﬂfy tahr%al%{ée% g_tn

i nventi ers are ~vertically arrange I's an

11 ust rati.qn,deni et 100 s beavaber cAEPALal) On And.t r ansf era0par alus, o

including the wafer separation apparat accor hg to an enbodi nent of the
present; d VS | OP=f Nowhiseh WWafens: are Babhba a%éryefuéag@ﬁ: a micro MO
6 is an illustration depicting the wafer separdtion and transfer apparatus,
i ncl udipgyhe yedheraseparabhoRmpRAatdsdaced dinyg &9 88t epbadippat: of the
present invention as a wafer is carried; Fig. 7 is an

i1l ust ratw=01d dept chd dgrihecwafier 1Sepadatd9gean dd ansiSInqppREaALESro
according to an enbodi nent of the present invention; Fig. 8is a

f | onchanutordep ¢td rotay epet attizon inout ilrerds cnumbéeros! tigd npnd ovseapanat i on
and transfer for the wafer separation apparatus according to an enbodi nent
of thewprfesent invention; Fig. 9 is a flowhart depicting a
transfer operation routine for the wafer separation apparatus according to
an enbddiod@dt of the present invention;

Inaccordancewithtﬁuawafersepaxationn@tﬂodaccording
to the present invention, it is possible to improve wafer
separation performance, and it is possible to guppress the
occurrence of breakage or the like of wafers, while the
apparatus is aﬁ inexpensive, small-sized apparatus.

[0043]

A wafer separation and transfer method according to the
present invention is characterized by including: an
accommodating step of vertically accommodating a large numbexr
of single wafers in a cassette in intimate contact with each
other, the cassette beingat least vertically opened; a mounting
and supporting step of mounting and supporting the cassette
on a cassette support at least vertically opened; a lowering

step of lowering the cassette support integrally with the

15



Fig. 10 is an illustration of the apparatus |ayout of the wafer separation
appar atus according to an enbodi nent of the present invention, including

pr e- washi ng; Fig. 11 is an illustration depicting the shaping
process of a silicon ingot; Fig. 12 is an illustration depicting a silicon
I ngot being sliced; and Fig. 13 is an illustration depicting a

silicon ingot before separated (batch). DESCRI PTI ON OF REFERENCE NUMERALS
[0054] 1Silicon ingot laSilicon waste |bSilicon waste AND SIGNS nateri al

casgeltte uging a hoisting unit and immersing the wafers
vertically arranged in a liguid in an inside of the liguid bath;
a micro bubble issuing step of issuing micro bubbles generated
in a micro bubble generator from an underside of fthe cagsette
gsupport towaﬁd»the wafers vertically arranged and causing the
micro bubbles to enter and stay in each space between a large
number cf the wafers; a rotating step of rotating the cassette
support integrally with the cassette to horizontally arrange
a large number of the wafers using a rotating unit, while the
micro bubbles enter and stay in each space between a large number
of the wafers; a hoisting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafex
above at least a 1iquid<1evel of the liguid bath; an unloading
step of unlcocading the topmost wafer lifted above the liguid
level,; and a carrving step cof carrying the unloaded wafer.
[0044]

In accordance with the wafer separation and transfer
method according to the present invention, it is posgsgible to
improve wafer separation performance in separation and
transfer, and it is possible to suppress the occurrence of
breakage or the like of wafers in separation and transfer, while
the apparatus 1s an inexpensive, small-sized apparatus.

{0045]

A wafer separation and transfer method according to the

16



material 2 Silicon bl ock 3 Wre-saw 4 Wre

present invention 1s characterized by including: an
accommodating step of vertically accommodating a large number
of single wafers in a cassette in intimate contact with each
cther after removal of the wafers, the cassette being at least
vertically opened; a mounting and supporting step of mounting
and supporting the cassette on a cassette support at least
vertically opened; a pre-washing step of lowering the cassette
support integrally with the caésette using a heisting unit and
pre-washing the wafers vertically arranged; an unloading and
carrying step of unloading and carrying the cassette after
pre-washed; a lowering step of immersing the carried cassette
ina liguid in an inside of a ligquid bath; a micro bubble issuing
step cf issuing micro bubbles generated in a micro bubble
generator from an underside of the cagsette support toward the
wafers vertically arranged and causing the micro bubbles to
enter and stay in each space between a large number of the
wafers; a rotating step of rotating the cassette support
integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number
of the wafers; a hoigting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liquid level of the liguid bath; an unloading

step of unloading the topmost wafer lifted above the liguid

17



5 Wre guide Wre feed pulley 7 Wre winding pulley

level; and a carrying step of carrying the unloaded wafer.
[0046]

In accordance with the wafer geparation and transfer
method according to the present invention, 1t ig possible to
pre-wash sliced wafers and also separate and carry the sliced
waferg, and 1t is also possible_to completely automate the

operation process steps from pre-washing to separation and

transfer.

[0047]

A gsclar cell wafer separation and transfer method
according to the present invention is characterized by
including: a slicing step of slicinga si.lic:on ingot integrally
with a support plate into a large number of wafers; a removing
step of removing the sliced silicon ingot from the support plate
for single wafers; an accommodating step of vertically
accommodating a large number of the single wafers in a cassette
in intimate contact with each other after removal of the wafers,
the cassette being at least vertically opened; a mounting and
supporting step of mounting and supporting the cassette on a
cassette support at least vertically opened; a lowering step
of lowering the cassette support integrally with the cassette
using a hoisting unit and immersing the wafers vertically
arranged in a liguid in an inside of the liquid bath; a micro
bubble issuing step of issuing micro bubbles generated in a

micro bubble generator from an underside of the cassette support

18



8 Wre wi nding device 9 Mount nenber 10 Support plate

toward the wafers vertically arranged and causing the micfo
bubbles to enter and stay in each space between a large number
of the wafers; a roctating step of rotating the cassette support
integrally with the cassette to horizontally arrvange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number
of the wafers; a hoisting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liguid level of the liguid bath; an unloading
step of unloading the topmost wafer lifted above the liguid
lavel; a carrying step of carrying the unloaded wafer; and a

transfer step of transferring the carried wafer to a solar cell

fabrication apparatus.

[0048]

In accordance with the sclar cell wafer separation and
transfer method according to the present invention, it is
possible to improve wafer separation performance in separation
and transfer of solar cell wafers, and it is possible to suppress
the occurrence of breakage or the like of wafers in separation
and transfer, while the apparatus is an inexpensive,
small-sized apparatus. In addition, it is also pogsible that
after the carried wafer is collected automatically collected
in a2 wafer collection box in the carrying step and the wafer

collection box after collected is automatically carried to the

18



11 Safer separation and transfer apparatus 12 Cassette 12alower opening

subseguent step using a multi-robot arm.

[0049]

The solar cell wafer separation and transfer method
according to claim 18 is characterized in that in the transfer
step, the wafer is transferred to a chemical etching apparatus

for texture treatment to fabricate a p-type wafer or n-type

wafexr.

[0050]

The wafer separation method, the wafer separation and
transfer method, or the solar cell wafer gseparation and transfer
method according to claim 19 is characterized in that in the
micro bubble issuing step, the nozzle or the cassette support

ig moved along a direction of arranging the wafers.

[0051]

The wafer separation method, the wafer separation and
transfer method, or the solar cell wafer separation and transfer
method according to claim 20 i1ig characterized in that before
starting the micro bubble issuing step, five sides except the
underside of the cassette support is covered with a cover as

the cassette support is immersed in the inside of the liguid

bath.
EFFECT OF THE INVENTION

[0052]

The wafer separation apparatus according to the present

20



13 Cassette support 13aLower opening 14 Hoisting unit

invention can improve wafer separation performance in
separation and trangfer and can suppress the occurrence of
breakage or the like of wafers in separation and transfer, while

the apparatus is an inexpensive, small-sized apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[6053]

Fig. 1 is a cross sectional view depicting a wafer
separation and transfer apparatus in the front side direction,
including a wafer separation apparatus according to an
embodiment of the present invention in which waferg are set;

Fig. 2 is a cross sectional view depicting the wafer
gseparation and transfex‘apparatus in the front side direction,
including the wafer separation apparatus according to an
embodiment of the present invention in which air bubbles are
issued (wafer separation state);

Fig. 3 shows the wafer separation apparatus according
to an embodiment of the present invention, (A) is an enlarged
crcoss sectional view depicting the essential part showing the
relationship between wafers and air bubbles, and (B) is an
illustration depicting an air bubble;

Fig. 4 is a cross sectiocnal view depicting the wafer
separation and transfer apparatus in the side direction,
including the wafer separation apparatus according to an

embodiment of the present invention in which wafers are
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15 Rotating unit 16Li quid bath 17Nozzle 18M cro bubbl e generator
19Unl oadi ng nenber 20Carrier unit 21Moving unit

vertically arranged;

Fig. 5 igan illustration depicting the wafer separation
and transfer apparatus, including the wafer separation
apparatus according to an embodiment of the present invention
in which wafers are horizontally arranged;

FPig. 6 is an illustration depicting the wafer separation
and transfer apparatus, including the wafer separation
apparatus accerding to an embodiment of the present invention
as a wafer is carried;

Fig. 7 is an illustration depicting the wafer separation
andtransferapparatusaccordingtx:anembodimentcﬂfthepresent
inﬁehtion;

Fig. 8 is a flowchart depicting an operation routine from
wafer slicing to separation and transfer for the wafer
separation apparatus according to an embodiment of the present
invention;

Fig. 9 1s a flowchart depicting a transfer operation
routine for the wafer separation apparatus according to an

embodiment of the present invention;

Fig. 10 is an illustration of the apparatus layout of
the wafer separation apparatus according to an embodiment of
the pregent invention, including pre-washing;

Fig. 11l isan illustration depicting the shaping process

of a silicon ingot;

Fig. 12 is an illustration depicting a sgilicon ingot
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22Cover 23Shaft 24Internedi ate support 25Cuide rail 26Cuide plate 27Fi xed
shaft 28Fi xed base 29Support base 29aLower pl ate 29bUpper pl ate 29cVerti cal

pl ate 30Shaft support part

being sliced; and

Fig.

13 is an illustration depicting a silicon ingot

before geparated (batch).

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS

[0054]

10

11

12

13

14

Silicon ingot

la Silicon waste material
ib Silicon waste material
Silicon block

Wire-saw

Wire

Wire guide

Wire feed pulley

Wire winding pulley

Wire winding device

Mount member

Support plate

Safer separation and transfer apparatus
Cagsette

L2a Lower opening

Cassette support

13a Lowexr opening

Heoisting unit

Rotating unit
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31Drive notor 32Drive pulley 33Rotating shaft 34ldler pulley 35Endl ess belt
36Rot ati ng arm 37Rol | er nenber 38 Transfer support plate

16 Liguid bath

17 Nozzle

18 Micro bubble generator

19 Unloading member

20 Carrier unit

21 Moving unit

22 Cover

23 Shatft

24 Intermediate support

25 Guide rail

26 Guide plate

27 Fixed shaft

28 Fixed base

29 Support base
2%a Lower plate
29b Upper plate
29c Vertical plate

30 Shaft support part

31 Drive motoxr

32 Drive pulley

33 Rotating shaft

34 Idler pulley

35 Endless belt

Bé Rotating arm

37 Roller member
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39 Defect determ ning device.

38

39

40

472

43

44

45

46

47

48

49

50

51

52

53

61

52

BEST MCDE FOR CARRYING OUT THE INVENTION

[0055]

RNext,

embodiment of the present invention will be described with

reference to the drawings.

below is a preferable, specific example of a wafer separation

Transfer support plate
Defect determining device
Transfer belt conveyor
Diverging device
Collecting device

Cabinet

‘Servo motor

Drive pulley
Idler pulley
Belt

Ball screw

Hoisting and lowering member

Wafer collection box
Guide rail
Guide projection

Coupling part

Pre-washing bath {(pre-washing device)

Conveying device

a wafer separation apparatus according to an

In addition,

25
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41 Diverging device 42 Col l ecting device 43

apparatus according to the present invention. For example, in
some cases, technically preferable limitations are variously
prlaced such as limitations on numeric values, materials, etc.
However, the technical scope of the présent invention is not
limited to these modes unless otherwise noted that the present
invention is limited particularly.

[0056]

First, for describing the wafer separation apparatus
according to an embodiment of the present invention, an
exemplary fabrication process before the gseparation of gilicon

single crystal wafers will be described with reference to Figs.

11 to 13.

[0057]

More specifically, as shown in Fig. 11, for the silicon
gsingle crystal wafer, a nearly cylindrical silicon ingot 1 (see
the upper part in Fig. 11) integrally has a silicon waste
material in a nearly conical shape at the left and right end
(the upper and lower end in growing the ingot), which was
produced by the Czochralski method (pullingmethod) or the like,
silicon wagte materials 1z and 1b are cut off, and the ingot
1 is cut out in a suitable size (length) as necessary f{(see in
the middle part in Fig. 11} . A siliconblock 2 in a prismhaving
a nearly rectangular cross section (sach corner is beveled in
some cases) 1s then obtained from a cylinder using a band saw

or the like (see the lower part in Fig. 11).
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Cabi net 44 ' Servo notor 45 Drive pulley

[0058]

More specifically, in fabricating silicon wafers for
solar cells, the cross sectional shape of the zgilicon block
2 ig preferably in a rectangle or nearly rectangle, and ocne

cut out of the silicon ingot 1 isg preferable.

[0059]

Subsegquently, as shown iﬁ Fig. 12, the silicon block 2
ig sliced into a large number of wafers using a wire-saw 3.
fo060]

This wire-saw slices the silicon block 2 intoc a large
number of wafers, in which a plurality of wire guides 3 (for
example, three guldes) with a cutting wire 4 spirally wound
thereon along a plurality of grooves are rotated to run the
wire 4 while slurry that is a mixed solution of 0il and .abrasive
grains is discharged from a slurry nozzle, not shown, and
cutting feed is provided between the wire 4 and the siiicon
block 2.in tﬁis state.

[C0s61]

In addition, in Fig. 12, 6 denctes a wire feed pulley,

7 denotes a wire winding pulley, and 8 denotes a wire winding

device.

[0062]

Moreover, in slicing the silicon block 2 using the wire
4, for example, a support plate 10 made of glass or the like

is mounted on a mount member 9, which is made of stainlegs steel
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46

I dl er pulley 47 Belt 48

or the like and provided on a block hoisting support device,
not shown, and the top side of the gilicon block 2 is bondéd
and fixed to the underside of the support plate 10 through an
adhegive, not shown. Furthermore, in slicing*with‘the wire 4,
cutting grooves are partially provided tc the lower part of
the support plate 10 in order to facilitate the separation of

the individual sliced wafers into single wafers.

[0063]
After that, the support plate 10 is demcunted from the

mount member 9, and then the siliconblock 2 with cutting grecoves
is obtained, which is a cylindrical pack of wafers attached
to the support plate 10 as shown in Fig. 13.

[0064]

This silicon block 2 is pre-washed in a pre-washing
device, not shown, for removing slurry, cutting dust, or the
like as the cylindrical pack of wafers is attached to the support
plate 10, and then the support plate 16 is removed from the

silicon block 2 by secondary washing for single wafers.

[0065]

In the following, transfer performed by the wafer
separation apparatus according to an embodiment of the present

invention will be described with reference to Figs. 1 to 7.

[0065]

Fig. 1 is a cross sectional view depicting a wafer

separation and transfer apparatus in the front gide direction,
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Ball screw 49 Hoisting and | owering nmenber 50 Wafer collection box

including the wafer separation apparatus according to an
embodiment of the present invention in which wafers are set.
Fig. 2 is a cross sectional view depicting the wafer separation
and tfansfer apparatus in the front side direction, including
the wafer separation apparatus according to an embodiment of
the present invention in which air bubbles are issued (wafer
separation state}. Fig. 3 shows the wafer separation apparatus
according to an embodiment of the present invention; Fig. 3(A4)
is an enlarged cross séctio'nal view depicting the essential
part showing the relationship between wafers and air bubbles,
and Fig. 3(B) is an illustration depicting an air bubble. Fig.
4 is a cross sectional view depicting the wafer separation and
transfer apparatus in the side direction, including the wafer
separation apparatus according to an embodiment of the present
invention in which wafers are vertically arranged. Fig. 5 is
an illustration depicting the_ wafer separation and transfier
apparatus, including the wafer separation apparatus according
to an embodiment of the present inventiocon in which wafers are
- horvizontally arranged. Fig. 6 isanillustrationdepictingthe
wafer separation and transfer apparatus, including the wafler
gseparation apparatus according to an embodiment of the present
invention as a wafer ig carried. PFig. 7 is an illustration
depicting the wafer’ separation and transfer apparatus
according to an embodiment of the present invention. Fig. 8

is a flowchart depicting an operation routine fromwafer glicing
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51 CGuide rail 52 C@uide projection

to geparation and transfer for the wafer separation apparatus
according to an embodiment of the present invention.
[0C67]

As shown in Figs. 1 to 5, a wafer separation and transfer
apparatus 11 including the wafer separation apparatus
according to an embodiment of the present invention has a
casgsette 12 that vertically accommodates a large number of
gingle wafers W in intimate contact with each other and is at
least vertically opened, a cassette support 13 that removably
support the cagsette 12 and ig at least vertically cpened, a
hoisting unit 14 that hoists and lowers the cassette support
13.integrally'with the cassette 12, a rotating unit 15 provided
on the hoisting unit 14 for rotating the cassette support 13
integrally with the cassette 12 so as to switch the wafers W
accommodated in the cassette 12 between the states in which
they are vertically arranged and they are horizontally arranged, .
a liguid bath 16 that accommodates a liguid thereinside into
which the cassette support 13 is immersed integrally with the
cassette 12 when the hoisting unit 14 descends, a noczzle 17
provided in the liguid bath 16 for issuing micro bubbles from
the underside of the cassette support 13 toward a large number
of the wafets W, a micro bubble generator 18 that generates
micro bubbles to be issued from the nozzle 17, an unloading
member 19 that unloads a topmost one out of the wafers W

hdrizontally'arrangediand]maisted~from the inside of the liguid
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53 Coupling part 61 Pre-washing bath (pre-washing device) 62

bath 16, and a carrier unit 20 that carries the topmost wafer
W unloaded by the unloading member 19.

[po68]

According to the wafer separationand transfex apparatus
11 thus configured, it is possible to improve sepaiation
performance of the wafers W in separation and transfer and it
is possible to suppress the occurrence of breakage or the like
of the wafers W in separation and transfer, while the apparatus

is an inexpensive, small~sized apparatus.

[00658]

At this time, the wafer separation and transfer
apparatus 11 includes a moving unit 21 that moves the nozzle
17 or the cassette support 13 aleong the direction of arranging
the wafers W, so that it is posgssible to cause micro bubbles

to be uniformly issued toward the space between the individual

wafers W.

[0070]

Moreover, a cover 22 is provided to cover five sides
except the underside cof the cassette support 13, which is
immerged in the liguid bath 16, so that it i1s possible to
facilitate causing micro bubbles to enter the space between
the individual wafers W.

(0071}

Furthermore, the micro bubble generator 18 causes the

nozzle 17 to igsue negatively charged micro bubbles, so that
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I ng device BEST MODE FOR CARRYI NG QUT THE | NVENTI ON [ 0055]
a waf er separation apparatus according to an enbodi nent of the

t invention will be described with reference to the drawings. In

on, an enbodi nent shown below is a preferable, specific exanple of a

separation apparatus according to the present invention. For

e, in sone cases, technically preferable limtations are variously
such as limtations on nuneric values, materials, etc. However,

t he

uc : umer i ¢ val' erials, etc. Houeve
O AT S8 ROCot At e B oRBRE 1o L FBRST < 1T A BRATT U1 ar .

the wafers W so that the micro bubbles are brought into the
space between the wafers W, if the space between the wafers
W, which are gliced with the wire-saw 3, is pesgitively charged.
fco72l

In addition, preferably, the miczro bubble generator 18
causes the nozzle 17 to issue a micro bubble having a diameter
equal to a groove width or less when the ingot is sliced with
the wire-saw 3. More preferably, it causes the nozzle 17 to
issue a micro bubble having a diameter egual to or legg than
the wire diameter of the wire 4 used in the wire-saw 3, which
is used in slicing the silicon ingot 1 into single wafers.
Further more preferably, it causes the nozzle 17 to issgue a
micro bubble having a diameter of 100 um or less. The best is
that it causes the nozzle 17 to issue a micro bubble having
a diameter of 20 um or less on average.

[0073]

In addition, preferably, the cassette 12 vertically
accommodates a large number of the single wafers W in intimate
contact with each other so that the running direction of the
wire-saw:ﬁusedinslicingthesiliconingotlintosinglewafers
is the same as the directions of unloading and carrying the
wafer W with the unloading member 19 and the carrier unit 20.

[0074]

In the following, the specific configuration of the
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[ 0056] First, for describing the wafer separation apparatus
according to an enbodi nent of the present invention, an exenplary
fabrication process before the separation of silicon single crystal wafers
will be described with reference to Figs. 11 to 13. [0057] Mor e
specifically, as shown in Fig. 11, for the silicon single crystal wafer, a
nearly cylindrical silicon ingot 1 (see the upper part in Fig. 11)
integrally has a silicon waste material in a nearly conical shape at the

left and right end (the upper_and Lower end in grow ng the .ingot), .which
wns. prOttEES BYPERETEoTe MR S et Rbd “ER It TREnt hods CorieHe i kets
silicon waste.materials |la. cut _off, and the ingot 1 is cut out
in a smﬁﬁ%%?%tsr’-?é”e&l%elﬁ& Fﬁlal;g ﬁﬁ%cgéggrry bﬁs@{e'e in the mddle part in Fig.
11). A 'é;gpn block 2 in a prismhaving a nearly rectangular cross section
(each corner’is beveled in sone cases) is then obtained froma cylinder

using a band sgyw qrydhe dd ke (;seedthe jhowers pay %h}a(@);re@ Omadddri a1 9038]

More specifically, 1n fabricating silicon wafers solar cells, the cross
sectionale shape 9f the §{t£éﬁgehb&@c&e%dxsecprzeiﬂﬁ@hya&nﬁ ectiang e or
nearly rectangl e, and one cut out of the silicon ingot is preferable.
[0059] the cass&ubsequen laapasl s o dfomdatdnd e 1siddLonuniock 2 is
sliced into a | arge nunber of wafers using a wire-saw 3. [0060] ‘
Thi s witite: s@Mf=std eesntihes Siddmed vol ke ka 2 dwito cvdrange Irnmifer- ehowdfers, in
which a plurality of wire guides 5 (for exanple, three guides) with a
cutti ngiwire Huspleal Lysuedndddiergon aberdea Ipl wisdi¢yhobughooves are
rotated to run the wire 4 while slurry that is a mxed solution of oil and
abr asi weldgrtai oz, | 50 diBthaefeddinemta $ihe pozizte, LAolssfesngnadd ioutti ng
feed is provided between the wire 4 and the silicon block 2 in this state.
[ 0061] which the cassette 12 is algoc opened upward so that the cagsette

12 can accommcdate the wafers W and the height is lowsr than

the height of the wafers W (when they are vertically arranged)

so that the unloading member 19 can contact with a topmost wafer

W heorizontally arranged in unloading the wafer W, described

later.

[0076]

The cassette support 13 is not limited iﬁ shapes,
materials‘, or the like as the strength is secured particularly,
as along as the cassette support 13 is capable of attaching,
detaching, and supporting the cassette 12 thereon and ig formed
with a lower opening 13a for passing micro bubbles issued from
the nozzle 17 therethrough. In addition, in this embodiment,
the cassette support 13 is designed in which the cassette
support 13 is also opened upward so that the cassette support

13 ¢can accommodate the cassette 12 and the height is lower than
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In addition, in Fig. 12, 6 denotes a wire feed pulley, 7 denotes a wre

wi nding pulley, and 8 denotes a wire w nding device. [0062]

Moreover, in slicing the silicon block 2 using the wire 4, for exanple, a
support plate 10 made of glass or the like is nounted on a nount nenber 9,
which is made of stainless steel or the |ike and provided on a bl ock

hoi sti ng support device, not shown, and the top side of the silicon block 2
is bonded and fixed to the underside of the support plate 10 through an
adhesive, not shown, Furthernore, in slicing with the wire 4, cuttin

gr oovestBeehparhrapt yo it oA REE b (PR Sy e V@fﬂtlhéa%hbp@ﬂﬁalpgaﬂg 10 in
order to faC|I|tate the separation of the individual sliced wafers into

singl e \?\iaf@?‘% FGoB3} ©2ding MeRPEL, 1P IRAT GHE-RTp bt Bl BPRTPE 5 ¥afigount ed
fromth nqﬁ§f9 and t$en t he S|k%$on bl ock 2 with c ttlﬁgb%rooves
is obtal'n ﬂrlﬁﬁpéﬁ' £ATHAP i B UPAS O haf BF s YA CAc fed Bpport

plate.- 1 gs shown in Fig. 13. [0064] This silicon block 2 is

pr e-was in a pre-washing device, not shown, for renoving slurry, cutting
dust, o OP li ke as the cylindrical pack of wafers is attached to the
support "plate 10, and then the support plate 10 is renoved fron1the silicon
bl ock 2 by secepday; v @&4smahad%f§r§na£9%5Lhat is extddl

foll owi ng, transfer perf ned by the wafer separation apparatus accordlng
to an espodipat, 0f Mgs@&ﬁge@ﬁdlm#@%m@ M-kl ebgndescribed, nth reference

to Figs.”1 to 7. [0066] Fig. 1S a cross sectional view depicting
a waf eresgparati ansandnbiansf en apparalus 44k the-bepnts 51 ge. dh restd:an,
top end of the shaft 23, a guide rail 25 vertically extended
and fixed to the side wall of the ligquid bath 16, a guide plate
26 provided on the intermediate support 24 and guided by the
guide rail 25,‘a fixed shaft 27 erected from the intermediate.
support 24, a fixed base 28 in a crank shape in the cross section
fixed to the top end of the fixed shaft 27, a support base 29
in a crank shape in the cross section fixed to the fixed base
28, and a shaft support part 30 fixed to a lower plate 29a of

the support base 29.

00781

In addition, because the guide rail 25 and the guide
plate 26 support the rotating unit 15 and the cassette 12 with
the fixed shaft 27 as one side is opened, they are designed
to slide at the positions in congideration of the weight balance
(in the laterazl direction of Fig. 1§.

[0079]

In addition, the support base 2% integrally includes an
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i ncluding the wafer separation apparatus according to an enbodi nent of the
present invention in which wafers are set. Fig. 2 is a cross sectional view
depicting the wafer separation and transfer apparatus in the front side
direction, including the wafer separation apparatus according to an

enbodi nent of the present invention in which air bubbles are issued (wafer
separation state) . Fig. 3 shows the wafer separation apparatus according
to an enbodi nent of the present invention; Fig. 3(A) is an enlarged cross

cocti ol Y e dop 14 g L SSGMLI2L BAY. STOW D e Lot AR
o 3L RLe L 68 5y s tosgerlL oL YUY AoRL LN, g Rt
VAT SGPAL2aD 20PE 815 a6se! dL0RLLA P SO B o LG 91 SN
115120 G5B 1L09:1L e el SepL a0 D a0 RSl g AP e

present, i Qventhen 4i (whiGhWafher s Afe- hord zopt @l Ly, af£ anged, 1 Eicg 264 s an
illustration depicting the wafer separation and transfer apparatus,

i ncl udicpgr=t-Re vwaf ehneepanatd er appar akus sageetdiBy t @nansepbedi-meat-of the
present invention as a wafer is carried. Fig. 7 is an illustration

depi ct krOi & o mwRéeroseparat boatandobegnaber, appar et us) accehs8ilpgctanan

enbodi nent of the present invention. Fig. 8 is a flowhart depicting an
oper at kbapeoUtd nehd ronveaf eecslicsi.ng to separation and transfer for the
waf er separation apparatus according to an enbodi ment of the present

i nvent i{ons0[]0067] As shown in Figs. 1 to 5 a wafer separation and
transfer apparatus 11 including the wafer separation apparatus according to
an enbodi nent Tofe rheapriesennitnieninodvkhaes a dasyet retd2 Bhafiverdtical ly
accommodat es a | arge nunber of single wafers Win intinmate contact with
each otherupperimslate | THsENFehaéapl Yhepenedutaskabs e fteendpPorewasdt hat
removably support the cassette 12 and is at |east vertically opened, a

hoi sti AeuRPEigs cHat-NfoilkiE Hhdd bhet & t RedEaisePid lEppcr PAF i Reegral | y
with the cassette 12, a rotating unit 15 provided on_the hoisting unit 14
for roPBt PR R VEadiRt?e StppdrECtZSMeBFAREYy wet ﬁhﬁﬁe%%%’f%ge@ SO as

t itch th f ted i th tt bet th tat

(o suLeh Lhe velels, Wascomudl o (1 hg, castel s 12 belueen he giates
liquid bath 16 .t hat dat iguid th i nsi i whi_ch .t

[ qu & BaLh 18 Abet cecommdslon, 2 Liou 4 Deraing g oS Ae
hoi st i I d i i Rt | i,qui th 16 f

ol o a9, upbl bt dessendsea g senzls Lo iy ded, 5, b sau ety 1o for

a lar %g%ggﬁg %Btﬂe paa 'r%Moﬁt%céghg%thé @@rﬁ{fw&a%ﬁri%ag@@erat es

m cro s”to be ISsue om the nozzle 17, an unl oa nber 19 t hat

unl oads; a tapMsi- ane. Oul, 9o +-he yafers; Whord %Qfﬂ@'ﬂdtaadﬂﬁ%%ﬂn angd hoi st ed
fromthe inside of the liquid bath 16, and a carrier unit 20 that carries
t he t opsmstuaf epnW gpkoaded byetdeival padibrgznerReset9:nk0068kt ing
According to t he waf er separation and transfer apparatus 11 thus

confi gurets 5 i tol BuRBSSIdY e-dits 1 19¢ oveeSeparaititan periorsanae1ef wihe wafers
Win separation and transfer and it is possible to suppress the occurrence
of breakagematethe kikecaef: the wakerhidld nirsepasatd pntasdihdandiersl whil e
the apparatus is an inexpensive, small-sized apparatus. [0069] At

t hi s twarisrd Wea wabemnosepacat h acandstranst & aappaeatusallyi ackadesda novi ng
unit 21 that noves the nozzle 17 or the cassette support 13 along the

di r ectiloam chearrangithg chepwaftets Vg lgold Hatn e kopodgohbke sbac&use micro
bubbles to be uniformy issued toward the space between the individual

waf er &y 2s shown in Fig. 4, the wafers W accommodated in the cassette

12 are horizontally arranged when the cassette support 13 is
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[ 0070] Mor eover, a cover 22 is provided to cover five sides except
t he undersi de of the cassette support 13, which is imersed in the liquid
bath 16, so that it is possible to facilitate causing mcro bubbles to
enter the space between the individual wafers W [0071]
Furthernore, the mcro bubble generator 18 causes the nozzle 17 to issue
negatively charged m cro bubbles, so that it is possible to cause mcro
bubbles to enter the space between the wafers Wso that the m cro bubbl es
are brought into the space between the wafers W if the space between the
waf er s aeGhEeh (afe t818 dEF B % the*Were-saw 3, is positively charged.
[ 0072] In addition, preferably, the mcro bubble generator 18
causes tHBhozzle 17 to issue a nicro bubble having a di anmeter equal to a
groove width aor |ess when th iggg is sliced wt he wire-saw 3. Mire

I

t ht
preferably, it CauReE"PhE nb TR YOO8 & it FHUbBrehad f§TE

di ameter, equal to,or less .than.the wire di aneter of th ire 4 used.in the
W re- se?v%%sqe \%h?cﬁhlespﬁssé o &5 cwﬁ%fbc hie_‘glsei IrEFO one$ %o?gl%ﬁt § ieﬁggl gj

wal or s.. Frdes, poge: praferably, i £ausgschnecnozele 17 Lo Jissue a i cro

bubbleahaV|ng a draneter of Am or | ess. est i causes the

nozzl eb%%g%}%sﬁ{@o 38,000 bl e Ravi ng: 1o g'lbﬁ@ ?{]alof 20 AR O 4 €35 0N

average. | ] I'n addition, prefer e cassette 12 vertically

acconmdah 83 Balcdf 96 Wwnuben ot ot he isighgh-e nafiey s WHR 4 Nt ifpLggeentkact with
each other so that the running direction of the wire-saw 3 used in slicing

the sikingen digatotdat e si-ngbe vaf BESUghd hel Sode: asc hbepdikhegbinons of
unl oadi ng and carrying the wafer Ww th the unl oadi ng nmenber 19 and the

carri eyhurid 2@ 0 e4lgd Bt heef oblfenng; (tWherspecidicaconf dguaatiedn of the

waf er separation and transfer apparatus 11 according to the present

i nvent ienbwichilgtre idescmidsed.y contact with the inner wall surface of
the liguid bath 16 as the rotating arm 35 is erected, it is
possible to eliminate the event that micro bubbles B entering
the space between the wafers W, described later, cause the
individual wafers W to move unexpectedly.
[0082]

The liguid bath 16 accommodates a liguid such as pure

water thereinside, and has such depth that the hoisting unit
14 lowers the wafers W accommodated in the cassette 12 to be
completely immersed. Moreover, in this embodiment, the depth
of the liguid bath 16 is degigned to have such depth (at least
the liguid level) that the wafers W are completely immersed
even in the state in which the hoisting unit 14 erects the
cassette support 13 as the holsting unit 14 is positioned at

the bottom dead center. Furthermore, it 1s possible to

suitably select the liquid accommodated in the ligquid bath 16
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[ 0075] The cassette 12 is not limted in shapes, materials, or the
like as the strength is secured particularly, as long as the cassette 12 is
capabl e of accommopdating a | arge nunber of the wafers Wand is forned with a
| ower opening 12a for passing mcro bubbles issued fromthe nozzle 17

t heret hrough. In addition, in this enbodi nent, the cassette 12 is designed
in which thecassettel2 is also opened upward so that the cassette 12 can
accommpdat e the wafers Wand the height is |lower than the height of the
wafers W (when they are vertically arranged) so that the unloadi ng nenber
19 can VeRtREt VALRR1A Hopnodt SRETHISVRGECIoMER T v ar FEng§EFSSFARY d&Rli ng
the wafer W described_ |l ater. ‘The cassette support 13 is

0076
not |i MaeriRiShapeERostTer i%%%?%&%ih&%% as® t REA¥t MENGIF 1 ur ed
particuyl arl al ong as casset.te support 13 is capabl.e of attaching,
ot senbar et Sad sty as 1 RS R Ee SO MR strals DA et et (i o
| ower openi ng. 13a_ for. passin } Cro b S 1ssuU fromthe nozzle 1
ey et ARoTRT T A REes! PO-M 00 PhoM B2 4 SPHEE (Aals co-Bastiie s i s

desi gn [N, Whi - he _cassett-e support 13 is al so opened upward so that the
casset?%“%ﬁﬁﬁ%r?hﬁggcg% Z%%B&ﬁ%%%ie the cassette 12 and the height is | ower
than t i ght of the wafers W (when they are vertically arranged) so

t hat the unloadi ng nenber 19 can contact with a topnost wafer W

hori zontal |y affanged i unloading ideqavwater Wedasepiied Jatels F0R77]

The hoisting unit 14 includes a shaft 23 that is extended by drive of a

hoi sti ng ands lrewer izeg drineenubidler BOt tHRoMke( takremlencd sokhereiad), an

i nternedi ate support 24 fixed to the top end of the shaft 23, a guide rai
25 ver pizeallyukxtepded andgfaxedtt oabhe ssiude mialdo ddubheeki gehdrhakld 16, a
gui de plate 26 provided on the internedi ate support 24 and gui ded by the
gui de ra It macfe Xedobhaf te2ikrertert etl8from t he i nternedi ate support 24, a
fixed base 28 in a crank shape in the cross section fixed to the top end of
the fixXé@dahaft 27, a support base 29 in a crank shape in the cross section
fixed to the fixed base 28, and a shaft support part 30 fixed to a | ower

pl ate 29a of tle Supper tbudsks 20:ne08 8 18 includes sdldveten, Mbsetuse t he
guide rail 25 and the guide plate 26 support the rotating unit 15 and the
casset Petip ajig MatheSko¥Rd SHaft?e2 7 s onkC%i &P Idhentdr VhéGhare
designed to slide at the positiagns. in consideration of the weight bal ance
(in t hBUPAtl&ral MHomdc PPen 16f UBRPE: 1T "Lo6RoPTERS4d G tifoRe™t he %a%a?t base

29 intgg%aggédggﬂtqggafg bubble diameter of micro bubbles to be
generated. In addition, in this embodiment, the air bubble
diameter ig 100 um or less. Strictly speaking, as shown in Fig.
6 (A), the structure or the like is not limited particularly
ag long as it can generate so-called nancbubbles, which the
aﬁerage air bubble diameter of micro bubbles B entering the
space between the wafers W is around 20 um.

[0085]
At this time, in the micro bubble generator 18, the inner

side of the air bubble is negatively (-} charged, as shown in
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upper plate 29b fixed to the top side of the fixed base 28 and having the
tip end protruded in the inside of the liquid bath 16, a vertical plate 29c
ext ended downwards fromthe tip end of the upper plate 29b, and the
horizontal |ower plate 2%a bent at a right angle fromthe |ower end of the
vertical plate 29c toward the inner side of the liquid bath 16. The support
base 29 is fornmed of these plates 29a, 29b, and 29c in a nearly crank shape
in the cross section. [00801 The rotating unit 15 includes a drive
not or quggfd to the upper plate 29b and havi ng the output shaft extended
t owar d e inside of the liquid bath 16, a drive pulley 32 provided on the
drive notor 3 r i S 3.th p ates: throeug haf t
support part ﬁ%?gan?% %Qg%u$?é$r§4o%rg&ﬁdggﬁ%%'dﬁgl%ﬂdggfggh§%§§tg%ing

haf ; . h
shatt %v?)ezﬁgénsgﬁg{g%r %%éoﬁéa&ﬁ)t@ééﬁhhga”%é@Ye%@ﬁ{pfét eﬂge;?cﬁ%%%%ﬂ e

pul | ey and a rotating arm 36 provided on the o r end of the

rotatingshafd 33. jEhgceasseld e:osgérf&cydié&ti§ thxed hoctbi subgtald pg arm
35. Moreoveér, the drive of the drive notor 31 causes the rotating arm35 to

turn femnteot atisngpbke crsseide di iviegralhyoi thetbersassett @-suppert 13.
As shown in Fig. 3, the individual wafers Waccompdated in the cassette 12
are verhiccakbyrarveangetdawhen thercapsetiiesupporit: 18 ¢snkaddreidnchhe

hori zontal state), and as shown in Fig. 4, the wafers Waccomodated in the
casset t&ael2patre Horweenttdld wadiranged twireh ifdeeicgssel tevelpponard8di s
erected (in the vertical state). [0081] Furthernore, the rotating
ar m 35ins ladsingnédiat cacmmevlcd 08 etihbs t hbupsyi tieow iats Wi odr thectopaeige of
the wafers Waccommodated in the cassette 12 (when vertically arranged) is
br oughwaightioSnearly contact with the inner wall surface of the liquid bath
16 when the rotating arm35 is erected. In addition, when the rotating arm
35 is BhPBEJAt close to the position at which the top edge of the wafers W
(when vertically arran into nearly contact with the inner

d .is b ht
wal | surface dPTtiHee 14 e%d%ogﬁﬁgao%g%g the & sCatliSig "EMHRSIE O s tBRebt B, it is
ible to eliminate th t hat .ni bubbles B entering th
Dot weehs (e Ra b G ot SPaRe PS8 Thev R o udt R BT E i 1 o
tedly., .[0082 The liguid_bath 16, t li qui d
Such ARTRS VH hEPE ROURS SSERe TaL S HRRH ThAr Tha ! SeTHg unit
14 | h d i . t |
mer s60: KOTAbYerLIrn Bh S Bnbat e ind SR GTIT AT qure B 16 i s
designed.Lospave sueh deptiL{ateloast ghhe.liqu dolevell thalhdde uafer s W
are conpletely rnmmersed even in the state in Ich the hoisting unit 14
erect s, 1 he,¢assglLenswRAOrt 13 2 tdhehoi shbndnibhla ikl reash tioned at the

bottom dead center. Furthernore, it is possible to sui'tably select the
l'i qui d= @epeamxdat gdnin & bei1hiquindmPath: 86t his embodiment. However,
| it is possible todesign the position and number of the unloading
member 19 in consideration of the transfer range of the wafer
WL
[co88]
As shown in Fig. 7, the carrier unit 20 includes a
vertical pair of roller members 37 that nip and carry the wafer

W by individually turning in the reverse direction using the

drive motor algc sexrving tce rotate the unloading member 19 or
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except volatility, in consideration that it is necessary to cause mcro
bubbl es, described later, to stay in the space between the wafers Wfor a
while. For exanple, .in the case of conbining secondary washing, it is
possi ble to use a secondary washing fluid or the |ike. [0083] The
nozzle 17 is provided near the deepest part of the liquid bath 16. The
nunber or the like thereof is not limted particularly as long as it can

i ssue mcro bubbles generated in the mcro bubble generator 18. [0084]

The m cro, bubbl e generator 18 includes a punp, mxer, both are not_ shown,
or the 49K ¥ GeRBEMpT 1Y bF S wi ctﬁf%nﬁﬁﬁgi EHPPTSWR 16 i°$ Bsé, 195 whi ch

ressure i s set to ch e and.adjust_the air bubble diameter. of mcro
bubbl 66" be® goRer A0ad =T ASTRIIS ob? PR ERC IHBUIFAERR. SLRE &Y bl e

di t i 00 qr l. . Strictl Ki h i Fig. a6 - th
ot S e SR AT RE L O 2y ARFR N SE0YEe Balhlodfle (N
- b i t ir. b i t f
O R Al S A0 B BL BB M L D A T 308, A L By DB o SRl
0085 i ti o t i b i
e b P, conveiiond o Wi ada Liiex 6 A MUDOLE GBS BLODLY, piAte TreT

[0086] 38 on the HBUSizthacavuse ool UE MOk Ahe dd Keyi i S or gapued e
pre-washi ng or secondary washing, for exanple, is positively charged, it is

possi betixelifii ehant By seanse: gher eobukhkies =t gagrten sbecspacedetween the
wafers Wby the effect of drawing the negatively charged m cro bubbles, as

it is eamswdaded it hals theispace betveendelie omf®icAMoInihe fikkecies3o
positively charged, including the case where this slurry remains after
secondary awashpargi t {6087pn the trarfofetheelnl eadiveg oenber 4184 a roller
menber or the like is used, which is rotated by drive of a drive notor, not
shown, cod lehe drikaeldvce he2 conat erclldekwisse digfet iwrnwinh Frg. défecand for
the material or the like, there is used such one that has elasticity and a
rel ati Mekgohiegh fidntivhalraesisr apeRPOiér Pebediepl8 aneéttHamejranataddition,
the unl oadi ng menber 19 is fornmed of a single roller nmenber in this
enbodi BEAL. CPBWEVEY, 40t BsMpESIilhlle Wid T &siagt 1 et posidi drr akei- husber of
t he un] oadi ng .menber 19 in consideration of the transfer range of the wafer
high frictional resistance is used (for example, urethane).
Furthermore, the diverging device 41 temporarily breaks the
transfer path as a part of the transfer belt conveyor 40 is
tilted, for example, {in the state depicted by a chain
double-dashed 1ine in Fig. 8}, and discards and collects wafers
W at the position of breaking the path on the downgtream side
of the transfer direction. At this time, the wafers W discarded
and collected are recycled.
foogg]
The defect determining device 39 determines whether
cracks {(cracking, chipping, or the like) occur by imaging

processes using a CCD camera.

[0050]
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W [0088] As shown in Fig. 7, the carrier unit 20 includes a
vertical pair of roller nenbers 37 that nip and carry the wafer W by
individually turning in the reverse direction using the drive notor also
serving to rotate the unloading nenber 19 or usi ng a separate device, a
transfer support plate 38 provided next to the roller nenbers 37 on the
downstream si de of the transfer direction, a defect determ ning device 39
provi ded above the transfer support plate 38, a pIuraIity of transfer belt

40 d t_to.the transf t_ plate, 3
Gounst ream si GEEB* G hE TF BRETTV BT Febti bhe L B aRvery Sﬂ%&?ée”ﬁf%

di scards ,and c4gl lr%q}lsded wa gfleV%g]g{Lg gd &h@}l\tf@&v%h 4\r/%hq_,s ‘%4eCt by

t he deFééF)dé% mning devi ce 3 positions S

conveyoqp, 4Q,. %&f&%ﬂ £L1 08 é“&?rx‘}% &B%xcg' | e ngl‘%?ﬁuﬂ

def ect . reover or t e transfer support plate 3 tran belt

Convey‘%rot@zaﬁlﬂ}ﬁé@%?ékt%t@nQil?étdé%iﬁe angz a g elatd vel Y i ghfid %Hc?nm

resi stance Is used exanpl e, urethane). Furthernore, the dlverglng

devi ce pdtl di01pos a1 Yo BrQaks o Betiransier a@a Bsasaaparts ©f 4 hes taranst er
belt conveyor 40 is tilted, for exanple, (in the state depicted by a chain
doubl ep@asheth t Enechiobigy. t81)a ialte€i peands aw 00f | eet sewafiernss W at the
position of breaking the path on the downstream side of the transfer

di rect domplAcédisytine, robhecnabhens W scHretedhwahtegok bectetdodre imecycl ed.

[ 0089] The defect determ ning device 39 determ nes whet her cracks
(crackiemng, Ichveping, membtlre 419 ke)umcedr tby onmagingg qf oclesseslisismgesy CCD
canmera. [0090] The col l ecting device 42 includes a cabinet 43, a

servo #WBtorml prewfdedconleld icabiex 48, rgvdriakelpuhdenpt48 provtded on
the output shaft of the servo notor 44, an idler pulley 46 rotatably
suppor ted sérinthea @bl AEer43g @ﬁﬂ?%r4¢9rotatably and novably provi ded on
t he puIIeys 45 and 46, a ball screw 48 that penetrates through the idler
pul | ey [8 §°and is vertically

The front side of the wafer collection box 50 is openad,
and a partition such as a sliit, not shown, is provided go as
to accommodate each one of the wafers W after washed as they
are separated from each other. Moreover, on the rear side of
the hoisting and lowering member 49, a guide projection 52 is
provided to engage with the guide rail 51 installed on the
cablnet 43. Furthermore, on the topside of the hoisting and
lowering member 49, a coupling part 53 is provided, to which
one end of the ball screw 48 is rotatably coupled.
foooz]

With this configuration, the wafers W carried on the
transfer belt conveyors 40 are collected and accommodated one
by one from above the wafer collection box 50 as they are

separated into single wafers, and the wafers W are collected
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di spl aced by the rotation of the idler pulley 46, a hoisting and | owering
menber 49 coupled to one end of the ball screw 48, and a wafer collection
box 50 renovably nounted on the hoisting and | owering nmenber 49. [0091]

The front side of the wafer collection box 50 is opened, and a partition
such as a slit, not shown, is provided so as to accomodate each one of the
wafers Wafter washed as they are separated from each other. Moreover, on
the rear side of the hoisting and | owering nenber 49, a guide projection 52

is provided to en ith th uide.rail 51.i.nstalled _on the _cahinet 43.
Fur E ner ot G2 G L REZE GRSt B 0™ Her RbF ePFniPanid el Piig inifr #9.5%
coupl i 53 1S _provi i.ch one end.of t ball .screw 48 is
ot ot atT3 cotpt o ST Boea Sy bR R gy o Bhs R b e o w
carrieqﬁpntﬁgesggggskg%ogeu% conveyors 40 are coll ected and accomodat ed
one by one from above the wafer collection box 50 as they are separated

into singde;wafers, and the wafers Ware collected and acconmodated in
each partition while the wafer collection box SOis sequentially displaced

upward by the idchhng dihye eh-olhe-8ery0 ARLOBAh:d0093] end of theAt this
time, preferably, the downstreamend of the transfer belt conveyor 40

pl aced tam A4 AOSE 1 dovmst e pam shdplarddhennaiies dsansferndii-eah grgkaces
the inside of the wafer collection box 50. [0094] Mor eover, the

drive pul ey 456 fand trhedfderd pdd eyod6f acesadhust ed ids sifmchar wkoet-he
adj ustment of the gear ratio by changing the dianmeter. Furthernore, a
sol enoicab idred ttrech i lkkexndg . be used for the servonotor 44, the idler pulley
46, the belt 47, and the ball screw 48. :

[C094]

Moreover, the‘drive pulley 45 and the idlexr pulley 46
are adjusted as similar to the adjustment of the gear ratio
by changing the diameter. Furthermore, a solencid or the like
may be used for the servomotor 44, the idlei pulley 46, the
belt 47, and the ball screw 48. |
[o095]

The moving unit 21 horizontally moves the nozzle 17 along
the direction of arranging the wafers W, which moves it at a
rate of 5.0 mm/sec, for example. In addition, it is also
possible that this moving unit 21 horizontally moves the
cassette 12 along the direction of arranging the wafers W
instead of moving the nozzle 17.

[0096]
The cover 22 covers five sides of the cassette support

13 except the underside with less clearance, which contains

the micro bubbles igsued from the nozzle 17 ingide the cover
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[ 0095] The noving unit 21 horizontally noves the nozzle 17 al ong
the direction of arranging the wafers W which noves it at a rate of 5.0

nm sec, for exanple. In addition, it is also possible that this noving unit
21 horizontally noves the cassette 12 along the direction of arranging the
wafers Winstead of noving the nozzle 17. [0096] The cover 22
covers five sides of the cassette support 13 except the underside wth |ess
cl earance, which contains the mcro bubbles issued fromthe nozzle 17

i nside the coyer .22 to facilitate.caus'n%> icro bubbles to enter the space
bet weer? £ hE®i haFvidGaT St Br S+ W %b?ﬁSvéH Aiﬁ%rF9I§Ft§ﬁa&&§ Br2the |ike

of the cover 22 . are nat limited_particularly. Furthernore, the_cover 22 is
r emoved Whi T &7 (e ﬁ(—)’i% "ilr%“ahjltﬁiwtar%fsi {’S\I'hoﬁgﬂe@f%’ﬁ’d PSR TTg ¢ Fe S bet t e
12, or in th L ate_i-n i ch et t ort.13 is_rotated -and ‘
erepted?r[%%%7?£?% ?Eetgg%ﬁgyhgﬁt%%i% %c%ﬁ%?@ﬁ%% F%%,bgﬁélﬁﬁgé?ggWVare

subj ectad-{ 9o 1R8 Lol LA 9. 20L2RS. +4 Sl by shep1af BLT 60 DG idd.con
ingot 1 integrally wth the support plate 10 1nto a I'arge nunber of wafers

(Step S1).; @ HSNOViARg shapislehemevicng the skicgdssil beon i ngat 1 firomthe
support plate 10 for single wafers (Step S2), an accommodating step of

verti cald WwnhacgopRdabicRg ta d angadunbers ok tha Jespvedaskpghemafers Win
the cassette 12 in intinate contact with each other, the cassette 12 being
at |eastooertically opened (Step S3), a nmounting and supporting step of
mounting and supporting the cassette 12 on the cassette support 13 that is
at | east vertimkakhe apeved n(SiepBdd, cank oweriang ot epef Wagwerd ng atrhe
cassette support 13 integrally with the cassette 12 using the hoisting unit
14 and suinerciand tdhechvaf Bos1lWniept scaldsy. ar argeding acépquidsincthe i nside
of the liquid bath 16 (Step S5), a mcro bubble issuing step of issuing

m cro lshisds igmmeiatostt iln itteegrack oy bubbh et ensnaportlg8likenithennozzl e 17
fromthe underside of the cassette support 13 toward the wafers W

verti cal lgrapraagedr ahtl WCHlBT g SRS Mldro sbubbles nd sénrepfanemavaygi n t he
space between a |arge nunber of the wafers W(Step 86), a rotating_step of
rot ati Aget felegsset LeCohppBIP 1B GG FERAATE fHe taddef o adnghe

hori zontal ly arrange_a Iarge nunber of the wafers Wusing the rotating unit

15 whi FEIERE M bbbl e&leACEPT™HRERT T | A teRe Hpd&d betdeth a | arge
CUbpor 28 TS a1 A vt SO EE EREZerie 1 S5STRLC nrars W ikt 7671 Bontal |y
enot i FRquRt diat b1 "ERe Pralia e ot (S dp ol P badt g st ep
carryi na s ot A M T e A oddad et or TP P SRS £ 10/ T dd & Transter
R R et S R S S PR

vaf ersc¥\ascsal ap ¢pl lcwaf grssto-babrigalion progesses, such. as: the
transfer of the wafers Wto a chem cal "etching apparatus for texture

treat npatcteafabr beate - totpes el el ss Weke Rihype -waf efes 1 Wy hamexapl e.
[ 0098] More specifically, after the Ssilicon ingot 1 is sliced
usi ng d¢hesutte- sapb3dricn1St epcStratihe sdiitced s Idconedtngats Lis Wy athd s still
supported by the support 10, is passed fromthe wre-saw 3 through a
publ i chyi&knomg yptee ueis bhdgl dewi-céngndhs ecohdlas W wasthiing 1dey kee afr@fed enovi ng
slurry or ‘the like as

in a liguid in the inside of the ligquid bath 16 (Step 85), a

micro bubble issuing step of issuing micro bubbles generated
in the micro bubble generator 18 from the nozzle 17 from the

underside of the cassette support 13 toward the wafers W
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wel |l as for renoving the support 10, and then the wafers Wbecone single
wafers (Step 32) . [00993 For the individual single wafers W a

| arge nunber of the wafers Ware accommpdated in the cassette 12 in
intimte contact with each other, with the use of the cassette 12 or the

| i ke, which has been so far used in manual operations of washing, renoving,
and separation (Step S3), and the cassette 12 is nmounted and supported on
the cassette support 13 as the cassette 12 is carried in the wafer
separation and transfer apparatus 11 depending on factories or the |ike
(Step Wrtigabby arranged 3gd gRruHeRd FMR BHFePdWPDreE He IS5KeE Y $76r i ven

to |l ower the cassette support 13 into the liquid bath 16 havigp the liquid
i n adv&tY d6cEMPoARAEE PREMESTSPAEAET S RETHSIT th d&&d VadmtTer Yat! SeFch t he

waf ers Ware congletely i mrersed (Step SS b [010%#? Subsequent |y,
the m &% ‘bbbl @-YehBFafsFP1E Y §Od'rar'%/£ﬂ9t Caf&e Fitro BUBBPES Havi ng an
ir bubble di ter, .of .20 _ he i f th le 17,
and theTHAEPE DUbOTEe: (RanUBUBE o) B TRV g A ol 4ge AT BUDLRETE: amet er
f 20 kaj | d t he .i.ndi vi w
il EhERge e e et e e AR B of B ASA b D (S b SB7 e Oto2)
Moreovelicod babphg Dhete bubles, Boephersallotliecpbag es, hebyernyLhe vaf ers

W the drive notor riven to turnt rotating s y rotating

and noying e, endl-esy bekt3%7)and, ths: assgt e Ipporicd3cisqengeted in
association with the - rotaglon of the rotating arm 36 (Step 5?). [ 0103]
cassette support 13 integrally with the cassette 12 as the
wafers W are horizontally arranged using the heoigting unitc 14
and lifting a topmost wafer W above at least the liguid level
of the li@uid.bath.lG (Step S8}, an unloading step of unloading
the tdpmost wafer W lifted above the liguid level (Step 89),
a carrying step of carrying the unloaded wafer W (Step S10),
and a transfer step of transferring the carried wafer W to a
solar cell fabrication apparatus (Step $ 11). Through these
steps, it i1s possible te transfer the wafers W as solar cell
wafers to fabrication processes, such as the transfer of the
wafers W to a chemical etching apparatug for texture treatment
to fabricate p-type wafers W or n-type wafers W, for example.
[ocog]
More specifically, aftexr the silicon ingot 1 is sliced
using the wire-gaw 3 in Step 81, the sliced silicon ingot 1,
which is still supported by the support 10, is passed from the
wire-saw 3 through a publicly known pre-washing device and

secondary washing device for removing sluxrry or the like as
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After that, the cassette support 13 is hoisted to a predeterm ned unl oadi ng
position at which the topnost wafer Wis positioned above the top edge of
the liquid bath 16, and the cassette support 13 is stopped at this

pr edet er mi ned unl oadi ng position (Step S8). [0104] The unl oadi ng
menber 19 is then contacted with the topnost wafer W and the unl oadi ng
menber 19 is rotated to unload the topnost wafer W(Step 59). The topnost
wafer Wis nipped and carried by the carrier unit 20 (Step S10), and the

[o0n05; e s M e L a8, O i heCEe o bl B 0
t opnost, .\ fé_‘y\égg}%g.r (%Qgﬁsg%e.quent stage one by one, and

t hehoi stinmgunitl oi st st hel ower set support 13 as necessary, (for exanple, as
for thremswfer each). [0106] - Furthernore, in the transfer process
in Step 11, a defect on the wafer Wis determ ned by the defect determ ning

device 39 (Step- SH2) .iddieidekectioeow siafed@ult a2 WakeheWisipdivefged
(ejected) by the diverging device 41 (Step S13), and wafers Wwith no

def ect tayee wdF 4t v cotd ecd eshmhbabheanafrereoldaedd0n=boy 508 bytrthere
collecting device 42 (Step 514). [0107] Moreover, in this

enbodi mentt,a dthevinah eesclly owhieah ariecls| toedukbbt o fa diar geassgbee ob waf ers
with the wire-saw 3, are directly separated and carri ed. However, as shown
in Fi gthsudh ke corffigurizt s drees possibl esehati ra rprazabstwagababhs of
(pre-washing device) 61 is used as a device equivalent to the mcro bubble
gener aveshEgishowndwiithe pres@Enayaveani 68t epnSahi cantheheafesseWe
accommodated in the cassette 12 passed from Step Si through Step S3 are
pre- wasReds BRYTLREY 28fe SUROR Kashrt ddarfth e3¢ Fredsvaredghignasothaore of
conveyi ng devices 62. [0108] _ . Furthernore, it is also possible that
‘the waFBPSSWAET tlet ‘cbl TREY eddi ATt FEnafereE oF PRBF A6/ B0 BD afensier
automatically transferred_in the fer collection bgx 50 as a whole using a
mul ti - PBBBE MR ottt YRR REn8™t Ky e €5 ansf ePfed 1S al He¥Pc84f or the

SUbseql['S%oﬁ’r ocess step (final washing or mrror-like finishing).

After that, the solencid or the 1ike ig driven to lower
the cassette support 13 into the ligquidbath 16 having the liguid
in advance accommodated thereinside to the bottom dead center
at which the wafers W are completely immersed (Step S5).
fo1o1]

Subsequently, the micro bubble generator 18 is driven
to cause micro bubbles having an air bubble diameter of 20 um
on average to be issued from the nozzle 17, and the micro bubbles
(nanobubbles} B having an average air bubble diameter of 20
um are caused to enter the space between the individual wafers
W while the nozzle 17 is moved at a predetermined rate (Step
S6) .

[0102]
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[0109] As descri bed above, in accordance with the wafer separation
apparatus according to the present invention, the mnmicro bubbles B are
caused to enter the space between a | arge nunber of the individual wafers
W which are renoved fromthe support 10, so that it is possible to
suppress sticking between the individual wafers Wand to efficiently

performthe separating operation. [0110] In addition, the mcro
bubbl es B just enter the space between the individual wafers W thereby
separating the wafers Winto single wafers, Thus, it ossible to
suppress t he JHFITENTCe BB sAade <GP PHBbI%%Bc%GE@H %glft&?ecé’@as‘?«?&ar ation

f t, th Now, i
the aboRHEHE | ifed a%ﬁa@%iﬁe%@e ﬁﬁareﬁf)%or éae% 4&#31%%%% SR the |
o r S aLLon apREralus SECOLS 09 Lo DR BEESEIL LI D0, quspren 1o
apparatg} %%e ?ggéékk%ogu Eﬁﬁ?lB[Q%Lgi ted in a;%o%@é%fdﬂﬁ%ﬂj?%b%he

pol ysi i con wa a rectangul ar y&i [T CON ingot s ¢t

rectangylar. pol ys¢ |{1§QHIQICQG&IS_I{,§?S}1IM a3g)angt§i,wso7r the like, for exanple,

and the i1ngot Is subjected to e flnlshlng process such as si zing,
etchinggiqrajthe like, and then the ingot is sliced with the above-nentioned

wire-saw or the like.
After that, the cassette support 13 is heisted to a

predetermined unlcading position at which the topmost wafer
W is positicned above the top edge of the ligquid bath 16, and
the cassette support 13 is stopped at this predetermined
unloading position (Step S58).

[0104]

The unloading member 19 is then contacted with the
topmost wafer W, and the unloading member 19 is rotated to unload
the topmost wafer W (Step $9). The topmost wafer W is nipped
and carried by the carrier unit 20 (Step S10), and the topmest
wafer W ig transferred to the collecting device 42 (Step 511).
[0105}

Moreovexr, these Steps 58 to S11 are also performed to
a topmost wafer W after the zubsegquent stage one by one, and
the hoigtingunit 14 hoists the lower set support 13 as necessary,
(for example, as for three wafer each).

[010¢6]

Furthermore, in the transfer process in Step 11, a defect

on the wafer W is determined by the defect determining device
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| NDUSTRI AL APPLI CABI LI TY [0113] As di scussed above, according to
the present invention, it is possible to provide a wafer separation
apparatus that can inprove wafer separation performance in separation and
transfer and can suppress the occurrence of breakage or the like of wafers
in separation and transfer while the apparatus is an inexpensive,
smal | -si zed apparatus. MCSLLP CLAI M5 A wafer separation apparatus

conpri si ng: a cassette configured to vertically accommobdate therein

a | arge nunber_ of _singl ers in intimte_contact with each other,_the
casset t'& Eg?‘ﬁ‘é’ ﬁ%zfeasi[%\f%m%queﬂq {Copered2 favlty walegsWets &idimssstd

configured to renpva upport, the,cassette, the cassette support being at
%ﬁ%%%%ﬁ#& %%eﬁgé;%ﬂ$%rgln%1#ﬁﬁ%??né%ﬂ#%t%%n$?6&re&n@oqﬁﬁ%ﬁsand

| east v
|l iquid

| . t integral Ly, yith t tte;
ath confion o] te SoRoR sl SO R B bRt i ChE AT S WAPAA Fid Cheset te

bat h configure

SUPPOT t oS o MR S8 | BLEGLA i dd, 1 De €35S@fd&, wbpp, the hoisting unit

descen
r0107]

Moreover, in this embodiment, the wafers W, which are
sliced into a large number of wafers with the wire-saw 3, are
directly separated and carried. However, as shown in Fig. 10,
such a configuration is possible that a pre-washing bath
{(pre-washing device) 61 is used as a device eguivalent to the
micro bubble generator 18 shown in the present invention, in
which the wafers W accommodated in the cassette 12 passed from
Step 81 through Step S3 are pre-washed, and they are then
separated and carried through one or more of conveying devices
62.

[o108]

Furthermore, 1t is also posgsgible that the wafers W after
collected in the wafer collection box 50 are automatically
transferred in the wafer collection box 50 as a whole using
a multi-robot arm, not shown, and they are transferred to a
device for the subseguent process step (final washing or
mirror-1like finishing).

[0109]
As described above, in accordance with the wafer

separation apparatus according to the present invention, the
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a nozzle provided in the inside of the liquid bath for issuing mcro
bubbl es from an underside of the cassette support toward a | arge nunber of

‘the wafers; and a mcro bubble generator configured to generate
m cro bubbles to be issued fromthe nozzle. 2A wafer separation and
transfer apparatus conpri sing: a cassette configured to vertically

accommodate therein a | arge nunber of single wafers in intimte contact

wi th each other, the cassette being at |east vertically opened; a cassette
supporgﬂponfigurgd to_renovabl suggort %Qethéfscassette, t he caiggnge
suprrt lb’é}f?d“ﬁ}? Ftﬁﬁs?d@lﬁ‘?t?%‘é T}? e‘ﬁ@f}i Pt‘?"f_enfiiestt"i@lr‘ﬁ‘lj1 tﬁqﬂ’; ; Ei ]
configured to ist an ower e cassette support integrally w e
casserdimos? o S M P b ¥a E23E Heqv B ohe Hor ST o e
rotating the cassette _support, integrally with the cassette so.as to switch
{he. v oIRE S5e ahodat BREEM { ¢ BRSSARTE et RABR 5 BLa Pt WhPel 8 waf or s
are vertjcal . Ak e t i i t f s5-are horizontally
arrangadls AdsFLERRECR AN S NI L8 R AR rekar Bkl TG

t her ei nglde i1 Q- WaLch t-he.cassette support is imrersed integrally with the
cassettezaﬁ%n tha hgisﬁingnhnit descends; a nozzle provided in the

i nsi de 1¢f;tdye liquid bath for issuing mcro bubbles froman underside of
the cassette support toward a | arge nunber of the wafers;
In addition, the micro bubbles B just enter the sgpace

between the individual wafers W, thereby separating the wafers
W into single wafers. Thus, i1t is possible to suppress the
occurrence of breakage or the like caused by forced separation
(for example, & jet of pressure water or the like).
f[o111] |

Now, in the above-mentioned embodiment, although
explanation is made in which the wafer separation apparatus
according to the present invention is adapted to the gilicon
single crystal wafer, it is also possiblie to apply the apparatus
to polysilicon wafers.

[0112]

At this time, for the polysilicon wafer, a rectangular
polysilicon ingot is cut into a rectangular polysilicon block
using a band saw or the like, for example, and the ingot is
subjected to the finishing process such as sizing, etching,
or the like, and then the ingot is sliced with the

above-mentioned wire~saw or the like,
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a mcro bubble generator configured to generate mcro bubbles to be issued

fromthe nozzl e; an unl oadi ng nenber configured to unload a topnost
wafer fromthe horizontally arranged wafers hoisted fromthe inside of the
| i quid bath; and a carrier unit configured to carry the topnost

waf er unl oaded by the unl oadi ng nmenber. 3. The wafer separation and transfer
apparatus according to claim2, wherein the carrier unit includes: MCSUP
a defect determ ning device provided near an upstream side of a transfer
path for_determning_a_defect on a wafer being carried; a
diverQQNP%%gﬁgéLp virdéd-Fort & downst r eam si de of the transfer path nore
than t feiﬁct determ ning device for diverging a wafer determ ned that

t he waf +H a defect to a discard route different froma carrying route;
and a coll.ectin ice confli ed t.0 | | ect a wafer det.erm ned
that the waf erJTE éislsn%usd%%%;bq%ye’t %é: C&%?%%I?gd:e? gcrrﬁ g eéletvilgér.ene%onl’he

vaf er Separat)on. appar abus Ao Ng,Le.¢l 2 rgaﬂraofri&b?a%gg%t%%p%fh%e on and
transf ér apparatus according to claim?2 or ?, conprising - a noving unit

confi gured {9.ppVe taa%eg%%%x%rtwﬁ £asFehhe SUPPOLt o ngmtacﬂ{ r&ﬁg ion of

arrangi ng the wafers. e wafer separation apparatus or the wafer

separ at-hQh Areh-t 1 A8SEER BDPRRRILS BELOLEENG et ANy, ONer-Of cghal BB ko 4,
conprising a cover configured to cover five sides except thé underside of

tﬂe faaag%é %JESF::@II@I'[S as: bheagassedt ersdappeihsEsri WHRLsedhkNabRa ransisde of
the Iiqui at h.

is an inexpensive, small-sized apparatus.
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6. The wafer separation apparatus or the wafer separation and transfer
apparatus according to any one of clains 1 to 5, wherein the mcro bubble
generator causes the nozzle to MCS L, L p issue negatively charged mcro
bubbl es. 7. The wafer separation apparatus or the wafer separation and
transfer apparatus according to any one of clains 1 to 6, MCSLL wherein
the m cro bubbl e generator causes the nozzle to issue a mcro bubgle havi ng
a dianeter equal to a width of a groove or |ess, the groove being cut with
a wre-saw used in slicing a silicon_ingot into single wafers. 8. The wafer
separation apparatus or the wafer 6&?&iion and transfer apparatus
according to any one of clains 1 to 6, wherein the mcro bubble
generator causes the nozzle to issue a nicro bubbl e having a di aneter equal
to a wire dianeter_of a wir W re-saw being used in

slicingda 5|H%uﬂ???@o?e?ﬁ?8t§QQy%PR%ﬁ%?§s cgmpﬁﬁfﬁﬁﬁer separ ati on
apparatus or the vafer SERat %%%%%d@98-§%99§ggﬁ %pgggﬁk%%d%ﬁpoEﬁ'@% L0 any

cCaAss
one of clalnsal £6 § € MCro e generator causes the

nozzle tqjssue aJd.cro hubhle having, 'ﬁ{r@mtgfcéﬂw@ o thessen 10.

The wafer separation apparatus or t e ma er separation
other, the cassette being at least vertically opened;

a cassette support configured to removably support the
cassette, the cassette support being at least vertically
opened; |

a hoisting unit configured ﬁo hoist and lower the
cassette support integrally with the cassette;

a ligquid bath configured to accommodate a liguid
thereinside intc which the cassette support is immersed
integrally with the cassette when the hoisting unit descends;

a nozzle provided in the inside of the liguid bath for
issuing micro bubbleg from an underside of the cassette support
toward a large number of the wafers; and

a micro bubble generator configured to generate micro

bubkbles toc be issued from the nozzle.

2. A wafer separation and transfer apparatus comprising:
a cassette configured to vertically accommodate therein

a large number of single wafers in intimate contact with each

other, the cassette being at least vertically opened;

a cagssette support configured to removably support the
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and transfer apparatus according to any one of clains 1 to 6,

wherein the mcro bubble generator causes the nozzle to issue a mcro
bubbl e having a diameter of 20 ymor less on average. 11. The wafer
separation and transfer apparatus according to any one of claim@s%fﬁo 10,
wherein the cassette vertically accommpdates therein a | arge nunber' of the
single wafers in intimte contact wwth each other so that a running
direction of the wire-saw used in slicing a silicon ingot into single

fers is th f | oadi d.transfer directions of th
unl oadi Ry ertrer w ERESEAT SrHRA T DI3MOTRS WHYT- sCparatrod Yand

transfereﬁgy ratus according to any one of clains 2 to 11,
wher ei T3 ‘otating unit supports the cassette support so that a top edge

of the valers .CoRs, ¢l 09800 ac¥arlealed NS ALl suid acs,of Lhe 1quid

bath in the state’in are vertically arranged an

accommpdaled 4 g, Gagsehtaquhen L i GassaLt e apard; 1s erected. 13, A

waf er separation conprising the steps of : an

accommodat i ng ;step of: yertheal byoaceemmudating ackargeqiuiesr ebr-single
wafers in a cassette in intinate contact with each other, the cassette

bei ng ab:easty vert cealdat penediort integradlpountihnghandasyppert by step
of nounting and supporting the cassette on a cassette support at | east

as to switch the wafers accommodated in the cassette between

a state in which the wafers are vertically arranged and a state

in which the wafers are horizontally arranged;

a liquid bath configured to accommodate a liguid
thereinside intc which the casgsette support is immexrsed
integrally with the cassette when the hoisting unit descends;

a nozzle provided in the inside of the liquid bath for
issuing micro bubbles from an underside of the cassette support
toward a large number of the wafers;

a micro bubble generator configured to generate micro
bubkbles to be igsued from the nozzle;

an unloading member configured to unlcoad a topmost wafer
from the horizontally arranged wafers hoisted from the inside
of the liguid bath; and

a carrier unit configured to carry the topmost waler

unlcaded by the unlcading member.

3. The wafer separation and transfer apparatus according

to claim 2, wherein the carrier unit includesg:
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vertically opened; a lowering step of lowering the cassette support
integrally with the cassette us ing a hoisting unit and |m"rerf$,1ngpthe
wafers vertically arranged in a liquid in an inside of the Ildﬁ?‘ﬁ bat h; and
a mcro bubble issuing step of issuing mcro bubbles generated in a mcro
bubbl e generator from an underside of the cassette support toward the

waf ers verti caldyratt angedrandieausieRd dehe €1 @ bubbl esa 0 g8t eLzaNd st ay
in a large nunber of the individual wafers. 14. A wafer separation and

transferderethod tompsifsirngiath for deaaratcompodatddte st epn ok wertically
accommodating a | arge nunber of single wafers in a cassette in intinate
cont actevikt hcenchedther, the cassette being at |east vertically opened;
a nounting and supporting step of nounting and supporting the cassette on a
cassette suppoftVatr Jigastdaieree eaqW Gpemada dovnstrenn ovigid ng shep of
| owering the cassefte support integrally with the cassette using a hoisting
uni t 5 sfi)ﬁbht Re Mfaferd: v@??l%%f?ﬁtagﬁéﬁééﬁq%ﬁ% qi?‘é%li?ﬁ fAran inside
of the,liquid bath m cr ubbl e i ssui_n e issuing mcro
bubbl e%l‘@grn%jr%?e%l YRTE™ d@rtoerﬁﬁﬁbefﬁg ﬁ%%%r%?%r R %%@e‘?%ﬁ%@ ogothe
cassette;s t ra fiers verti arran and NCSUP causi ng
the m c‘rado %@aﬁ%{l régggentl;f&% \,%1 stj;]i/onl?né ecg% &{Qﬁ% Iarge nunber of
the wafers; a collecting device configured to collect a wafer

determined that the wafer has no defect by the defect

determining device.

4, The wafer separation apparatus according to claim 1 or
the wafer separation and transfer apparatus according to claim
2 or 3, comprising a moeving unit configured to move the nozzle
or the cassette support along a direction of arranging the

wafers.

5. The wafer separation apparatus or the wafer separatiocn
and transfer apparatus according to any cone of claims 1 to 4,
comprising a cover configured to cover five sides except the
underside of the cassette support as the cassette support is

immersed in the inside of the ligquid bath.

6. The wafer separation apparatus or the wafer separation
and transfer apparatus according tc any one of claims 1 to 5,

wherein the micro bubble generator causes the nozzle to
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a rotating step of rotating the cassette support integrally with the
cassette to horizontally arrange a | arge nunber of the wafers using a
rotating unit, while the mcro bubbles enter and stay in each space between
a | arge nunber of the wafers; a hoisting step of hoisting the
cassette support integrally with the cassette as the wafers avésiiy

hori zontal |y arranged using the hoisting unit and lifting a topnost wafer
above at least a liquid level of the liquid bath; an unl oadi ng
step of,unloading t he _t opnost fer lifted above the liquid |level; and a
carryi ng° SERpREES LAV AN G T TnI BAdEE WL e85 A wafer separation and
transfer nmethod conpri sing: an accommodating step of vertically
accomodating a | arge nunber of single wafers in a cassette in intimte
contact, with ch other after removal of the wafers, the _cassette .being at

| east Vertically~ c‘)“fpa‘eg]neexd;sePaxa"lgg %%Bﬁff‘tﬁ&sa% g&%p‘é’??ieﬁgsgpgﬁao ~Sfount i ng
and su t. C n S rt_ at st. vertically
opened%g% ﬂ%éggrprg?%%%gug aéc%%égﬁé &SUR t%neaoé %Zflt%l griicald

( _ I'ng step owering the cassette support
integral ly withydhe: cassetlie NS Neid N Ynids ands Pre-washing d he
wafers vertically arranged; an~unl oadi ng and carrying step of

unl oadiing:and; Gaf & ¥b NGubbee CASFEhLE alditind &2 Waghed: to 2 widtradowering
step of immersing the carried casSette in aliquid in an inside of a liquid
bath; groove or less, the groove being cut with a wire-saw used in

slicing a gilicon ingot into single wafers.

8. The wafer separation apparatus or the wafer geparation
and transfer apparatus according to any one of claims 1 to 6,

wherein the miéro bubble generator causes the nozzle to
igsue a micro bubble having a diameter equal to a wire diameter
cf a wire-saw or less, the wire-saw being used in slicing &

gsilicon ingot into single wafers.

9. The wafer separation apparatus or the wafer separation
and transfer apparatus according to any one of claimg 1 to 6,
wherein the micro bubble generator causes the nozzle to

issue a micro bubble having a diameter of 100 um or less.

10. The wafer separation apparatus or the wafer separation
and transfer apparatus according to any one of claims 1 to 6,
wherein the micro bubble generator causes the nozzle to

igsue a micro bubble having a diameter of 20 um or less on
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a mcro bubble issuing step of issuing mcro bubbles generated in a mcro
bubbl e generator from an underside of the cassette support toward the
wafers vertically arranged and causing the micro bubbles to entayp@anstay
in each space between a | arge nunber of the wafers; a rdfatlng
step of rotating the cassette support integrally mnth the cassette to

hori zontal |y arrange a | arge nunber of the wafers using a rotating unit,
while the mcro bubbles enter and stay in each space between a | arge nunber
of the wafers; a hoisting step of hoisting the cassette support
integr@Y§*%¥Eh the cassette as the wafers are horizontally arranged using
the hoisting unit and lifting a topnost wafer above at least a liquid |evel
of the liquid bath; an unl oadi ng step of unloading t he t opnost

f fted I f j . h
i e TP AR A ST SRR i
conprl Qa N%§ OE claim 2? bng step of sI|C|ng a silicon ingot

y Wth a 8 sIa e |n

integr upport 0'a |l arge nunber of wafers;
- removing step Mef@ﬂ‘?‘@w ctalkf‘séé&&‘%ﬂeftkkﬁ'i Q%%{rfn{d%ﬂéé‘s? SHPPOLY P! at e
for single wafers; an accommodating step of vertically

accom%?xtg!{@%ﬁlﬂ@r ge nuoher,of - thersingl @ waf afsc L@ CASE8ILE, i dint i mat e

contact with each other after renoval of the wafers, the cassette being at

| east vgiddcablohopenedhining direction of the wire-saw used in slicing
asiliconingot into single wafers is the same as wafer unicading

and transfer directions of the unlcading member and the carrier

unitc.

12. The wafer separation and transfer apparatus according
to any one of claims 2 to 11,

wherein the rotating unit supports the cassette su?port
so that = tdp edge of the wafers comes close to a vertical inner
wall surface of the ligquid bath in the state in which the wafers
are vertically arranged and accommodated in the cassette when

the cassette support is erected.

13. A wafer separation method comprising the steps of:
an accommodating step of vertically éccommodating a

large number of single wafers in a cassette in intimate contact

with each other, the cassette being at least vertically opened;
a mounting and supporting step of mounting and

supporting the cassette on a cassette support at least
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a nounting and supporting step of nounting and supporting the cassette on a
cassette support at |east vertically opened, a lowering step of

| owering the cassette support integrally with the cassette using a hoisting
unit and inersing the wafers vertically arranged in a liquid imncan® nside
of the liquid bath; a mcro bubble issuing step of issuing mcro
bubbl es generated in a mcro bubble generator from an underside of the
cassette support toward the wafers vertically arranged and causing the

m cro bubbles to enter and stay in each space between a | arge nunber of the
waf er s;verticallyaopgigding step of rotating the cassette support
integrally with the cassette to harizontally arrange a | arge nunber of the
waf ers using & rot e ¥ ngTufireP wh I YFE R c 8% %ﬁ?%ﬁt%ﬁpﬁﬁﬂtstay in
each space between a .l e nunber of 1the fers; . .a _hoisting step
of hoi St1TRP Thor E44adt PR SUBROTE-F MEGr &R 5O RPEH " Ene LS8 FB7SS THE waf er &
are hori.zontal |y arrange i oi sting. uni lifting a nost

waf er é:bhoevév ‘At~ %eads racalgq%qiﬁ d m‘%e%fg{?egf 1‘1t§lhéér51£;l:|L 1llul% %g%n e {k O%%%e
unIoadhﬂgpi£§pb£{hunggading the toprost wafer |ifted above the liquid

| evel ; a carrying step of carrying the unl oaded wafer; and a transfer

step of transferting the,cakErked MafLrs{o,a-30kak Geld £AabrLcaligne, ,
apparatus. 17. The wafer separation™and transfer nethod according to claim

14 or lendfatdd® ispkamnieell pwabet gepanaidnn At thansher smidhed ageor di ng

to claim 16, conprising: a collecting step of automatically
col | ectaRgddhe: cabrbedcwabes ridn e wareybngesttepd 1ma aetengeal heet i on
box; and a subsequent step transfer step of automatically

t ransf eerigithd hanafierrcaddlestison-denadtresndottapt €d &olarsubsegbent step
using a multi-robot arm 18. The solar cell wafer separation and transfer
met hod cdcedrediingiioi dlai nwaBers .

14. A wafer separation and transfer method comprising:

an accommodating step of vertically accommodating a
large number of single wafers in a cassette in intimate contact
with each other, the cassette being at least vertically ocpened;

a mounting and supporting step of mounting and
supportihg the cassette on a cassette support at least
vertically opened;

a lowering step of lowering the cassette support
integrallyvﬁjj1thecassetteusiﬁgwahoistingtnﬁi:andimmersing
the wafers vertically arranged in a liquid in an inside of the
liguid bath;

a micrc bubble issuing step of issuing micro bubbles
generated in a micro bubble generator from an underside of the

cassette sgupport toward the wafers vertically arranged and
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wherein in the transfer step, the wafer is transferred to a chem cal
etching apparatus for texture treatnment to fabricate a p-type wafey (or
n-type wafer. 19. The wafer separation nmethod according to claim 13, the
waf er separation and transfer nmethod according to claim14 or 15, or the
sol ar cell wafer separation and transfer method according to claim 16 or
17, wherein in the mcro bubble issuing step, the nozzle or the
cassette support is noved along a direction of arranging the wafers. 20.
The waf er separation nethod, or the wafer separation and transfernethod, or
t he sol @@Uugény Wag &l cSephrhbiL6h Eh TN aner s ket hicdeacboreing ke wiynone of
clainms 13 to 18, wherein_before starting the mcro bubble issuing
step, f3ve2EFBesvEREEDtCE Hraindefsirdé of the cassette support is covered

with a cover as the cassette s%ﬁport is.immersed in the inside of the
li quid bat h. a rotating step rotating the cassette support

integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bukbles enter and stay in each space between a large number
of the wafersg;

a hoisting step of heoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liguid level of the liquid bath;

an unloading step of unloading the topmost wafer lifted
above the liguid level; and

a carrying step of carrying the unlcaded wafer.

15. A wafer separation and transfer method comprising:

an accommodating step of vertically accommodating a
large number of single wafers in a cassette in intimate contact
with each other after removal of the wafers, the cassette being
at least vertically opened;

a mounting and supporting step of mounting and
suppcrting the cassette on a cassette support at least
vertically opened;

a pre-washing step of lowering the cassette support

integrally with the cassette using a hoisting unit and
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pre-washing the wafers vertically arranged;

an unloading and carrying step of unloading and carrying
the cagsette after pre-washed;

a lowering step of immersing‘the carried cassette in a
liguid in an inside of a liguid bath;

a micre bubble issuing step of issuing micro bubbles
generated in a micro bubble generator from an undersgide of the
cassette support toward the wafers vertically arranged and
causing the micro bubbles to enter and stay in each space between
a large number of the wafers;

a rotating step of rotating the cassette support
integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bukblegs entexr and stay in each space between a large number
of the wafers;

a heisting step of hoisting the casgssette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liquid level of the ligquid bath;

an unlcading step of unlcoading the topmost wafer lifted

above the liquid level; and

a carrying step of carrying the unloaded wafer.

16, A sclar cell wafer separation and transfer method

comprising:
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a slicing stepof slicinga silicon ingot integrally with
a support plate into a large number of wafers;

a removing step of removing the sliced silicon ingot from
the support plate for single wafers;

an accommodating step ©f vertically accommodating a
large number of the single wafers in a cassette in intimate
contact with each other after removal of the wafers, the
cassette being at least vertically opened;

a mounting and supporting step of mounting and
supporting the cassette on a cagsette support at 1§ast
vertically opened;

a lowering step of lowering the casggsette support
integrally with the cassette using a hoistingunit and immersing
the wafers vertically arranged in a liguid in an ingide of the
ligquid bath;

a micro bubblé issuing step of issuing micro bubbles
generated in a micro bubble generator from an underside of the
cassette support toward the wafers vertically arranged and
causing the micro bubbles toenter and stay in each space between
a large number of the wafers;

a rotating step of rotating the cassette support
integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro

bubbleg enter and stay in each space between a large number

of the wafers;
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a heisting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
abcocve at least a liquid level of the liguid bath;

an unloading step of unlcading the topmost wafer lifted
above the liquid level;

& carrying step of carrying the unloaded wafer; and

a transfer step of transferring the carried wafer to a

solar cell fabrication apparatus.

17. The wafer separation and transfer method according to
claim 14 or 15, or the solar cell wafer separation and transfer
method according to claim 16, comprising:

a collecting step of automatically collecting the
carried wafer in the carrying step in a wafer collection box;
and

a subsequent step transier step of autoﬁatically
transferring the wafer collection box after collected to a

subseqgquent step using a multi-robot arm.

18. The solar cell wafer separaticn and transfer method

according to claim 16,
wherein in the transfer step, the wafer is transferred
to a chemical etching apparatus for texture treatment to

fabricate a p-type wafer or n-type wafer.
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19, The wafer separation method according to claim 13, the
wafer separation and transfer method acceording to claim 14 or
15, or the solar cell wafer separation and transfer method
according to c¢laim 1¢ or 17,

wherein in the micro bubble issuing step, the nozzle or
the cassette support is moved along a direction of arranging

the wafers.

20. The wafer separaticn method, or the wafer separation and
transfermethod,cnfthesolarcellwaferseparatiohandtransfer
method according to any one of claims 13 to 18,

wherein before starting the micro bubble issuing step,
five sides except the underside of the cassette support is
covered with a cover as the cassette support is immersed in

the inside of the liguid bath.
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